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ABSTRACT 


The  reproductive  systems  of  the  male  and  female 
mountain  pine  beetle,  Dendroc tonus  mont icolae  Hopkins 
are  ae scribed  and  illustrated,  and  some  morphological 
changes  during  the  adult:  life  cycle  are  noted* 

Descriptions  are  also  given  for  the  associated  musculature 
of  the  male  genital  apparatus*  Some  interpretation  has 
been  given  to  the  functions  of  the  reproductive  components 
on  the  basis  of  studies  of  their  activity  during  the 
processes  of  mating,  sperm  transfer,  egg  formation,  and 
ovulation.  Finally,  the  reproductive  systems  are  briefly 
discussed  from  the  viewpoints  of  evolution  and  fecundity* 
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INTRODUCTION 


This  paper  deals  with  the  male  and  female  organs  of  re¬ 
production  oi  the  mountain  pine  Deetle,  Denaroctonus  mon tlcolae 
Hopk.,  and  is  an  attempt  to  answer  several  questions  which 
have  arisen  from  the  work  of  past  investigators.  The  morphology 
of  the  organs  is  described  and  some  interpretations  of  function 
are  included. 

Studies  made  by  Hopkins  (1915),  Schedl  (1931),  Richmond 
(1935),  Francke-Grosmann  (1946,  1950),  and  Chapman  (1956) 
suggest  that  much  work  needs  to  be  done  to  clarify  the  termi¬ 
nology  of  some  of  the  reproductive  structures  in  scolytids,  in 
the  light  of  their  functions.  An  example  of  this  is  the  so- 
called  seminal  vesicle,  found  in  many  scolytids,  but  it  is  really 
an  accessory  gland.  Progress  or  tne  study  of  fecundity  (Reid, 
1936b,  19b2o)  of  the  mountain  pine  beetle  has  been  hindered  by 
tne  incomplete  knowledge  of  the  functions  of  the  bursa  copulatrix 
female  accessory  glands,  egg  fertilization,  and  ovulation* 

These  events  can  only  be  interpreted  with  an  understanding  of 
tne  internal  micromorphology  as  well  as  the  conditions  which  help 
to  produce  them.  Reid  (1962b)  nas  also  shown  that  the  behavior 
associated  with  mating  and  egg-laying  is  extremely  variable  and 
that  adult  activities  on  the  host  tree  are  delicately  in 
balance  with  the  environment.  The  sensitivity  of  this  insect 
in  the  natural  habitat  is  strongly  reflected  in  internal  changes. 
This  study  not  only  contributes  some  specific  knoi^ledge  on  re¬ 
production  in  the  mountain  pine  beetle,  but  it  should  have 
application  to  scolytids  generally. 
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LITERATURE  REVIEW 


(a)  GENERAL 


The  reproductive  systems  of  insects  have  long  been  the 
subject  of  investigation  (Malpighi,  1669;  Swammerdam,  1737; 
Hunter,  1792;  Harold,  ldl5;  Dufour,  1625).  This  work  describes 
the  anatomical  features  of  reproductive  systems  and  correlates 
many  activities  of  adult  insects  with  reproductive  functions* 
Much  of  our  present  understanding  of  the  phylogeny  of  insect 
groups  stems  from  such  studies;  the  genitalia,  especially  of 
male  insects,  have  long  been  widely  used  as  taxonomic  characters* 
Many  attempts  were  made  by  early  workers  to  establish  a 
clear  phylogenetic  pattern  of  development  of  the  reproductive 
structures  throughout  the  class  Insecta  (Crampton,  1929; 
Snodgrass,  1931,  1933,  1936)*  Subsequently,  it  has  been  nec- 
essary  to  understand  the  evolutionary  mechanisms  involved  and 
to  homologise  the  various  reproductive  structures*  Snodgrass 
(1931,  1933)  and  Matsuda  (1958)  discussed  the  theories  proposed 
by  earlier  workers  in  summarizing  discussions  on  the  morphology 
of  the  abdominal  appendages  of  insects.  Prom  these  discussions 
there  appear  to  be  two  main  theories  for  the  interpretation  of 
these  appendages,  Heymons*  theory  and  the  limb  theory*  Heyraons* 
theory  suggests  that  the  genital  processes  are  secondary  in teg¬ 
umental  outgrowths  from  the  sternal  region  and  that  they  bear 
no  relation  to  the  true  appendages*  According  to  this  theory 
only  cerci  and  styli  are  homologised  with  true  appendages* 

Pew  workers  have  given  support  to  Heymons*  theory;  among  them 
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were  Heberdey  (1931),  Friedmann  (1934)  and  JViatsuda  (1958)* 

In  his  review  of  the  subject,  Fatsuda  maintained  that  the  evi¬ 
dence  from  postembryonic  studies,  favors  a  sternal  origin  for 
the  external  genitalia  of  insects.  In  all  male  insects  the 
origin  of  external  genital  structures  such  as  the  peni3  and 
parameres  can  be  traced  from  a  pair  of  small  ectodermal  out¬ 
growths  which  appear  in  the  nymph  or  larva  (Snodgrass,  1935, 
1957)#  Furthermore,  Snodgrass  concludes  that  no  convincing 
anatomical  evidence  is  available  that  relates  the  penis  or 
parameres  to  ninth  segment  appendage  rudiments*  On  this  basis 
he  presented  a  simplified  anatomical  plan  of  the  male  genital 
apparatus  for  most  pterygote  insects  which  is  consistent  with 
a  basic  plan  found  in  Thysanura ,  especially  in  Machilidae  and 
in  Lepismidae.  This  plan  provides  a  fairly  uniform  interpreta¬ 
tion  for  the  major  structures  of  the  male  insedt  genital  organs 
(Snodgrass,  1957)*  It  is  generally  accepted  that  the  primary 
external  organs  of  male  pterygote  insects  occur  medially  on 
the  venter  of  the  ninth  abdominal  segment,  while  in  females 
the  genital  segment  can  be  either  the  eighth  or  ninth* 

Homologies  of  the  female  ovipositor  are  better  under¬ 
stood  (Michener,  1944;  Gustafson,  1950).  According  to  Michener 
the  ninth  abdominal  appendages  of  the  male  insect  can  be 
homologised  satisfactorily  with  the  female  ovipositor,  ai  so 
of  the  ninth  segment. 

The  nomenclature  of  the  insect  ovipositor  has  been  re¬ 
vised  recently  by  Scudder  (1961a,  1961b).  In  this  revision 
the  scheme  of  nomenclature  of  the  pterygote  ovipositor  is  based 
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on  the  structural  plan  of  the  ovipositor  found  in  Lepismidae. 
Snodgrass  (1933)  had  based  his  interpretation  of  the  ovipositor 
on  the  condition  found  in  Machilidae.  Scudder  showed  that 
the  parts  of  the  ovipositor  could  be  homologised  in  all  orders 
possessing  genitalia  developed  on  abdominal  segments  eight  and 
nine.  The  gonangulum,  a  newly  named  sclerite,  is  essential 
for  these  homologies.  Both  structure  and  function  of  this 
sclerite  were  considered. 

Several  general  reviews  were  found  helpful  in  relating 
the  morphology  of  the  reproductive  structures  in  Dendroctonus 
with  their  functions.  The  first  reviews  to  be  considered  are 
those  of  Imms  (1957)  and  Bonhag  (195$).  They  described  the 
known  types  of  ovarioles  found  in  all  insect  groups.  The  most 
primitive  or  panoistic  type  of  ovariole  has  been  recorded  in 
Thysanura,  Orthoptera,  Isoptera,  Odonata,  Ple^coptera,  and 
Siphonaptera .  More  advanced  types  of  ovarioles  are  polytrophic 
and  telotrophic.  The  polytrophic  type  is  represented  in  some 
Dermaptera,  Psocoptera,  Anoplura,  Mallophaga,  Coleoptera  - 
Adephaga,  Lepidoptera,  Diptera,  and  Hymenoptera.  This  type  has 
also  been  reported  in  Neuroptera  with  the  exception  of  Sialis 
(Bonhag,  1558).  The  typical  telotrophic  ovariole  has  been  found 
in  Hemiptera  (Bonhag,  19535  Davis,  1956)  but  it  is  also  charac¬ 
teristic  of  Sialis  and  of  Coleoptera  -  Polyphaga  (Krause,  1946; 
Bryan,  19545  Schlottman  and  Bonhag,  1956;  Zacharuk,  1958a). 
Wiggle sworth  (1953)  states  that  the  Adephaga  exhibit  the 
telotrophic  condition  while  the  Polyphaga  have  polytrophic 
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ovarioles.  This  Is  the  converse  of  the  more  widely  accepted 
view  01  Bonhag  (19.9b)* 

Another  important  aspect  or  function  is  covered  in  the 
reviews  oy  Khalifa  (1949)  ancl  by  Oavey  (1961).  They  add  to  the 
subject  oi*  sperma tophore  production  and  bring  this  up  to  date 
for  all  insect  groups0  Specific  accounts  of  sperma tophore s  in 
insects  are  given  by  Blunk  (1912),  Cros  (1924),  Davey  (199o), 
and  Pisiier  (1959)*  Knowledge  or  spermat ophore s  is  scanty,  but 
their  occurrence  is  known  to  be  sporadic,  even  x>/ithin  a  family. 

Finally,  Shteinberg  (I960)  discussed  the  possible 
adaptive  features  in  the  structure  of  the  female  ovaries  of 
insects.  He  showed  that  there  is  variation  in  the  number  of 
egg  tubes  in  different  groups  and  sometimes  even  in  the  same 
species.  Shteinberg  stated  that  seven  pairs  of  segrcenially 
arranged  ovarioles  or  testes  must  be  regarded  as  the  primitive 
gonad  structure  and  that  in  most  winged  insects  the  number  of 
ovarioles  and  the  number  of  sperm  tubes  in  the  testes  must  have 
been  secondarily  modified,  either  by  the  process  of  noligomeriza- 
tiontf  or  by  ,fpolymeriza tionu .  The  significance  of  these  processes 
as  adaptive  features  can  be  more  fully  realized  when  we  consider 
that  an  increase  in  the  number  of  ovarioles  may  be  a  principal 
method  of  increasing  fecundity.  On  the  other  hand,  with  a 
reduction  in  the  number  of  ovarioles  there  can  be  an  increase 
in  the  number  of  egg  follicles.  Regulation  of  the  rate  of 
growth  of  oocytes  may  also  be  an  adaptive  feature. 


1 

* 

"  -  •  ■  -  .  .  ■  a 

; 

. 

<  '  L.  SO'X  .  fi  .  ,  ■  w  ,  ?; 

«  r.  ..  . 

*  r 

,  ... 

Htfe  ’  .  l  ■ 

' 

0  '  :  i  s  3  r  i  ^©itfoa  n s  ...  yi  ■ 

j: 

•  -  '''•  ■  -*  '  : '"i  '’  ;v;m  2-jei3j  sie  I  -  . vo 

■  9  ■  ■  • 

■  ■  8  •  (  r  t  $  .  ■  -  j  .  -  j 


©  3  ©I 

'  2  o  . 

0  X  'X 

i  ji 

J! 

* 

1  £  ' 

r  o  -> 

15X1 

x;X  xt 

ec.  0 

'  ■  -I 

J  . 

'M  .  .  ,  *10 

r  /  XI: 

H-  !  • 

\&  t  Hi  o 

e.1 :!  , 

. 

,  • 

0  a a’;: 

0 

ecf  .bo 

Q-x 

1  :.r-.  1  I-  70 

X.O  T  ©  ii 

'■'I 

•J  :/• 

. 

ol.  ,.C '  > ' 

ji;j  :>  f  ::‘± 


' 


-  6  - 

(b)  COLEOPTERA 

Our  knowledge  of  the  reproductive  organs  of  Coleoptera 
has  accumulated  from  many  fields  including  taxonomy,  morphology, 
and  physiology.  The  work  of  Stein  (1847)  represents  one  of  the 
first  extensive  investigations  of  the  beetle  ovary*.  He  studied 
the  internal  sex  organs  and  glands  of  female  beetles,  both 
anatomically  and  histologically,  Escherich  (1094)  and  Bordas  (jWoo) 
(Deegener,  1928;  Imms,  1957)  investigated  the  testes  d 
accessory  glands  and  divided  the  Coleoptera  into  groups  accord¬ 
ing  to  the  complexity  of  testes  structure.  Sharp  and  Muir 
(1912),  Muir  (1918,  1920),  and  Sharp  (1918)  dealt  with  the 
structure  of  the  male  ejaculatory  duct  and  external  genitalia 
in  many  families.  Tanner  (1927)  studied  the  female  genitalia 
of  125  genera  from  66  families.  He  concluded  that  10  segments 
were  present  in  the  abdomen  of  most  female  beetles  and  that 
the  eighth,  ninth,  and  tenth  segments  and  their  appendages  form 
the  genitalia.  According  to  Tanner,  the  appendages  have  been 
lost  from  the  eighth  and  tenth  segments  but  have  persisted  on 
the  ninth*  He  termed  these  genital  appendages  the  coxites, 
styli,  and  valvifers  and  was  able  to  homologise  them  for  all 
of  the  111  species  illustrated.  Tanner  divided  the  Coleoptera 
into  three  suborders,  Adephaga,  Polyphaga,  and  Scara baeiformes, 
on  the  basis  of  characters  of  the  female  genitalia*  Within  the 
Scara ba e if ormes  he  included  the  Scarabaeidae  and  Scolytidae  and 
stated  that  these  were  the  most  specialized  of  the  families 
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Many  workers  have  studied  the  development  of  beetle 
reproductive  organs.  These  include  Singh  Pruthi  (1924a,  1924h), 
Metcalfe  (1932),  Hodson  (1934) ,  Snodgrass  (1935),  Michener 
(1944) >  Wood  (1932),  and  Zacharuk  (1958b).  Their  conclusions 
showed  that  the  penis  is  derived  from  the  body  wall  and  that 
the  components  of  this  organ  cannot  be  related  to  the  gonopods. 
The  testes  at  least,  were  found  to  be  of  mesodermal  origin, 
while  the  ejaculatory  duct  is  of  ectodermal  origin.  There 
seems  little  disagreement  on  the  derivation  of  the  structures 
of  the  female  ovipositor.  Singh  Pruthi  (1924b),  Metcalfe 
(1932),  and  Zacharuk  (1958b)  agree  that  it  is  derived  primarily 
from  the  gonopods  of  the  ninth  segment. 

Williams  (1945)  described  the  internal  genital  structures, 
including  associated  glands  of  several  species  of  male  and  female 
beetles,  representing  12  families.  The  listing  of  ovariole 
numbers  in  329  species,  representing  45  families  of  Coleop’tera  by 
Robertson  (1931)  is  also  of  importance,  especially  in  the  fields 
of  taxonomy,  evolution,  and  fecundity.  Ovariole  numbers  in 
Adephaga  were  found  to  vary  from  4  "  40>  while  in  Polyphaga  they 
ranged  from  1  -  200.  It  was  suggested  that  multiplication,  re¬ 
duction,  and  stabilization  of  ovarioles  have  occurred  in  the 
evolution  of  beetles. 

An  important  publication  which  gives  the  principal  terms 
used  for  the  genitalia  of  male  and  female  Soleoptera  was  pre¬ 
sented  by  Lindroth  and  Palmen  (1956).  All  principal  terms 
used  to  identify  the  genital  structures  are  defined  and  synonyms 
have  been  included. 
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Crowson  (I960)  discussed  the  phylogeny  of  Coleoptera* 

Ke  dealt  with  their  taxonomic  position  and  grouping  and 
supported  his  views  with  evidence  accumulated  from  the  fields 
of  taxonomy,  morphology,  ecology,  physiology,  and  paleontology* 

(c)  SCOLYTIDAE 

Contributions  to  the  taxonomy  of  bark  beetles  found  in 
Europe,  using  characteristics  of  the  male  and  female  reproduct¬ 
ive  organs,  were  made  by  Nusslin  (1911,  1912)  and  by  Lindemann 

and  Fuchs  (Hopkins,  1951;  Francke-Grosmann,  1946,  1950)* 
w 

Nusslin's  classification  was  based  upon  characteristics  of  the 

ejaculatory  duct,  testes,  seminal  vesicles,  vas  deferens,  and 

mucous  glands  of  the  male,  while  in  the  female  the  cement 

glands,  bursa  copula trix,  and  the  sperma theca  were  used. 

Several  characteristics  of  the  female  organs  were  found  to  be 

consistent  for  the  seolytids.  These  are,  (1)  the  absence  of  a 

true  ovipositor,  (2)  two  ovarioles  per  ovary  (see  also  Robertson, 

1961),  and  (3)  the  presence  of  paired  or  single  cement  glands 

in  most  species.  In  addition,  the  bursa  copulatrix  is  absent 

from  only  a  minority  of  the  seolytids. 

Only  one  species  of  Dendroc tonus  in  Europe  has  been 

described;  D.  micans  Kug.  The  reproductive  organs  of  this 

beetle  were  illustrated  by  Lindemann  (Francke-Grosmann,  1948, 
n 

1950),  Nusslin  (1911,  1912),  and  were  treated  in  greater  detail 
by  Francke-Grosmann,  (1946,  1950)* 

In  North  America  significant  taxonomic  contributions  on 
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bark  beetles  were  made  by  Hopkins  (1909,  1915),  Swaine  (1918), 
and  Chamberlin  (1939,  1958).  In  addition,  revisions  of  the 
Ips  (by  Hopping)  and  Dendroc tonus  (by  Wood)  species  of  North 
America  are  being  prepared* 

Hopkins  (1909,  1915)  described  the  external  morphology 
of  Dendroc tonus  valen s  Leconte  in  detail  and  illustrated  the 
general  structures  of  the  male  and  female  organs  of  reproduction. 
Richmond  (1935)  carried  out  a  similar  investigation  on  D. 
monticolae *  The  reproductive  structures  of  D*  pseudotsugae 
Hopk.  were  partially  illustrated  by  Atkins  and  Chapman  (1957) 
and  by  Ryan  (1959)*  Several  references  describing  the  genital 
organs  of  curculionid  species  were  found  helpful  since  their 
organs  resemble  those  of  Dendroctonus*  Specific  studies  of 
curculionids  include  those  of  Hopkins  (1911),  Munro  (1914) , 

Bissel  (1937),  and  Burke  (1959)* 

The  mountain  pine  beetle  has  received  considerable 
attention,  both  in  the  United  States  and  in  Canada.  In  1909 
Hopfins  gave  a  brief  description  of  its  life  cycle  and  general 
distribution*  Later  workers  including  De  Leon  et  al.  (1934), 
Evendon  et  al.  (1943),  Hopping  (1948),  Hay  (1956),  Reid  (1958a, 
1958b,  1961,  1962a,  1962b),  and  Shepherd  (I960  -  61),  have 
studied  many  aspects  of  this  timber  pest,  including  seasonal 
history,  biology,  habits,  and  control.  Reid  (1958a,  1958b, 

1961,  1962b)  placed  considerable  emphasis  on  the  internal 
changes  in  the  female  beetle  which  he  related  to  egg-laying, 
mating,  flight,  and  inner  bark  and  wood  moistures* 
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MATERIALS  AND  METHODS 


The  beetle  material  used  in  this  study  originated  from 
naturally  infested  areas  near  Invermere,  British  Columbia* 
Mountain  pine  beetles  were  collected  from  lodgepole  pine,  Pinus 
contorta  Dougl.  var.  la tifolla  Engelm,,  during  the  summers  of 
I960  and  1961 0  Two  methods  were  found  useful  for  rearing  them 
artificially  in  the  laboratory. 

Sufficient  beetles  were  introduced  onto  freshly  cut 
pine  logs  of  convenient  lengths  to  infest  each  with  several 
active  pairs.  While  introducing  them  a  net  cage  was  placed 
over  the  log  to  ensure  maximum  infestation.  This  procedure 
was  most  effective  when  carried  out  in  darkness.  To  obtain 
large  broods  by  this  method  it  was  essential  to  retain  as  much 
of  the  inner  bark  and  wood  moisture  as  possible  and  loss  of 
moisture  was  minimized  by  applying  a  coat  of  wax  to  the  exposed 
cut  ends  of  each  logo 

Infested  logs  were  usually  stored  at  room  temperature 
and  under  these  conditions  one  complete  life  cycle  could  be 
obtained  within  six  to  eight  weeks.  Adults  emerged  over  a  per¬ 
iod  of  several  days.  Thus  fresh  specimens  were  available 
almost  daily.  Also,  female  beetles  in  different  stages  of 
maturity  could  be  dissected  and  compared  with  females  from 
naturally  infested  trees. 

The  second  method  used  was  more  refined  and  has  been 
described  in  greater  detail  by  Reid  (1962b),  Fresh  inner  pine 
bark  was  held  tightly  between  two  transparent  sheets  of  plastic. 
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Waterproof  tape  was  applied  around  the  edges  of  this  sandwich¬ 
like  unit  to  keep  moisture  loss  to  a  minimum.  Reid  has 
termed  the  completed  unit  of  bark  tissue,  plastic,  and  tape 
an  observation  plate*  It  allows  direct  observation  of  activity 
within  the  plate  at  any  moment,  A  small  half  inch  by  one- 
eighth  inch  groove  was  cut  at  one  end  of  the  bark,  into  which 
the  female  beetle  was  placed.  The  male  was  usually  inserted 
one  day  later.  This  method  of  rearing  was  limited  to  the 
study  of  adult  activity  while  in  the  host  tissue  since  the  bark 
did  not  retain  sufficient  moisture  and  food  for  larval  develop¬ 
ment.  However,  mating,  gallery  excavation,  and  egg-laying 
appeared  to  proceed  normally  as  long  as  the  bark  remained  in  a 
moist  condition. 

Observation  plates  were  of  two  sizes,  2j-f*  x  3’1  and  2^'* 
x  6*.  The  smaller  were  convenient  for  studying  the  mating 
process,  the  larger  for  egg-laying  activities.  Temperature 
and  bark  moisture  could  be  controlled  more  precisely  than  in 
previous  method. 

Beetles  were  removed  from  the  observation  plates  when 
in  various  stages  of  activity  during  the  interval  from  mating 
to  egg-laying.  This  allowed  observation  of  the  development  of 
the  internal  reproductive  systems.  Once  the  appropriate  stage 
occurred,  the  plate  was  immediately  opened  and  the  insect  was 
either  placed  in  fixative  solution  or  dissected  in  physiological 
saline  (Ringers  solution ) .  The  fixative  used  for  all  histologi¬ 
cal  tissue  preparations  was  formal  saline.  Copulating  pairs 
were  successfully  preserved  by  immersion  in  boiling  formal 
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saline  for  one  or t wo  seconds* 

Many  observations  were  made  on  the  reproductive  system 
while  dissected  in  physiological  saline.  In  the  female  beetle 
contractions  of  the  median  oviduct  and  bursa  copula trix  often 
continued  after  dissection.  Mass  movement  of  the  spercnatozoa 
within  the  sperma theca  could  also  be  detected  and  this  was 
useful  for  separating  mated  from  unmated  females.  In  the  male 
similar  contractions  were  noted  during  the  functioning  of  the 
ejaculatory  duct  and  at  such  times  the  secretion  of  accessory 
gland  fluid  was  studied  in  relation  to  the  funnel  mechanism* 

Specimens  for  histological  study  were  selected  when  in 
various  stages  of  activity.  These  stages  apply  particularly  for 
the  female  beetle  and  are  listed  below. 

(1)  Newly  developed  adults* 

(2)  Adults  during  the  flight  stage. 

(3)  Females  during  egg-laying  and  gallery  construction. 

(4)  Adults  in  the  overwintering  condition* 

Sometimes  only  the  reproductive  system  with  its  posterior 
attachments  and  sometimes  the  entire  metathorax  and  abdomen  were 
fixed.  The  latter  was  preferred  since  there  was  no  risk  of 
damage.  The  tissue  was  then  dehydrated  and  embedded  in  wax 
(melting  point  60  -  62°  C.)  according  to  the  procedures  out- 
lined  in  Davenport  (I960).  Serial  sections  were  made  at  six 
and  eight  microns.  Two  hematoxylin  solutions  were  used, 
Delafield’s  (Davenport,  I960)  and  Heidenhain’s  (Pantin,  I960); 
both  gave  satisfactory  results.  All  sections  were  counterstained 
with  eosin  Y  which  showed  an  affinity  for  muscle  tissue,  yolk. 
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and  cytoplasm. 

In  addition  to  the  sectioned  material,  many  whole 
mounts  of  the  reproductive  systems  were  prepared  in  a  water 
mounting  medium  (Gurr's);  others  were  dehydrated,  cleared  in 
cedarwood  oil,  and  mounted  in  Fisher's  Permount.  Cleared 
mounts  stained  with  eosin  Y  gave  the  best  results  for 
determining  the  muscle  attachments  of  the  reproductive  access¬ 
ory  parts* 

All  drawings  were  made  to  scale  using  a  calibrated 
micrometer  eyepiece  and  a  damera  lucida* 
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RESULTS 


(a  )  GENERAL  T  ORPHOLOGY  OF  KETA THORAX  AKLJ  ABDOMEN 

The  combined  abdomen  (Abd)  and  metathorax  (ketath) 
form  a  cylindrical!;^  shaped  unit,,  and  as  in  many  scolytids, 
the  abdomen  tapers  rather  abruptly  (fig,  1),  The  male  repro¬ 
ductive  system  lies  entirely  within  the  abdomen  and  occupies 
a  dorsal  position  (fig,  1),  In  a  newly  developed  female  the 
position  is  similar  except  that  the  ovaries  (Ov)  extend 
slightly  into  the  metathorax  and  are  suspended  from  the 
prephragma  (Preph)  as  shown  in  fig,  1,  As  egg  development 
advances  the  terminal  portions  of  the  ovaries  move  nearer  to 
the  prephragma. 

According  to  Richmond  (1935)  the  prephragma  of  the 
metathorax  bends  ventrally  and  has  two  sclerotized  lobes  which 
are  divided  medially  by  a  small  notch.  On  the  dorsal  margin 
of  this  notch  are  attached  the  two  suspensory  ligaments  (Reid, 
1956a)  which  suspend  the  anterior  end  of  the  ovaries  (fig,  1; 
SusLig),  There  are  no  similar  suspensory  attachments  found 
in  the  male  beetle.  Dorsal  to  the  suspensory  ligaments  and 
the  terminal  portions  of  the  ovaries  are  three  pairs  of  dorsal 
longtitudinal  flight  muscles  which  undergo  autolysis  during 
vitellogenesis  (Reid,  1956a;  Atkins  and  Parris,  1962),  The 
tergosteraal  flight  muscles  change  similarly  and  this  provides 
more  free  space  foi»  the  ovaries  to  expand  during  egg  development. 
At  the  same  time  extra  space  is  made  available  for  the  expansion 
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ol'  the  proven triculus  since  the  egg-laying  period  is 
concurrent  with  feeding* 

The  abdomen  is  of  a  cryptoga stran  type  (Imms,  1957)  and 
consists  of  terga  CF)  I  to  VIII  and  sterna  (S)  III  to  VIII 
(fig.  1).  Sternites  1  and  2  are  apparently  fused  to  sternite 
3  and  are  concealed  within  the  hind  coxal  cavities  (Richmond, 

1935). 

Tergite  7  is  a  prominent  sclerite  in  both  sexes  and 
carries  one  of  the  few  externally  visible  sex  characters.  Two 
small  stridulatcry  scrapers  project  from  the  posterior  point 
of  this  sclerite  in  the  male  and  these  provide  the  only  conven¬ 
ient  means  of  separating  the  sexes  while  alive.  The  eighth 
tergite  is  more  conspicuous  in  the  male  while  in  the  female  it 
is  partially  covered  by  the  seventh  tergite.  In  both  sexes, 
however,  the  eighth  sternite  is  much  reduced,  and  except  for 
brief  moments  during  mating  or  egg-  laying,  it  is  completely 
concealed  by  the  eighth  tergite  and  seventh  sternite.  The 
eighth  sternite  in  the  male  is  more  heavily  sclerotized  laterally 
than  medially  (fig.  12).  In  the  female  the  sclerotiza tion  is 
similar  except  that  the  median  portion  has  become  entirely 
membranous  (fig.  19).  The  thickened  lateral  portions  of  the 
eighth  sternite  serve  as  points  of  attachment  for  strong 
muscles  which  extend  ventrally  to  the  seventh  sternite.  These 
muscles  allow  a  teloscopic  movement  of  the  posterior  abdominal 
segments. 

The  terminal  portions  of  the  reproductive  systems  are 
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intimately  supported  from  terguiu  VIII  and  sterna  VII  and  VIII 
by  muscle  and  membranous  tissue  (figs,  12,  21).  These  three 
regions  form  the  posterior  enclosure  of  the  genital  opening 
(GenOp)  and  anus  (figs.  2,  19,  2±).  The  genital  opening  of 
both  male  and  female  is  ventral  to  the  anus# 

The  female  reproductive  organs  are  also  held  in  position 
by  a  network  of  tracheal  branches,  most  of  which  arise  from  the 
abdominal  spiracles.  This  network  is  most  conspicuous  on  reduced 
ovaries  as  compared  with  ovaries  expanded  with  mature  eggs*  The 
tracheae  are  also  most  numerous  near  the  base  of  the  ovarioles 
and  their  attachment  probably  never  extends  any  deeper  than 
into  the  epithelial  sheath  of  the  ovarioles  (Bonhag  and  Arnold, 
1961).  Thus,  an  important  secondary  role  in  the  tracheae  may  be 
a  mechanical  one,  i.e.,  to  keep  the  ovaries  in  a  stationary 
position  in  the  dorsal  half  of  the  abdomen,  especially  during 
the  contractions  of  the  median  oviduct.  Tracheation  to  the  male 
reproductive  system  was  less  noticeable* 

(b)  MALE  REPRODUCTIVE  SYSTEM 

(i)  General:  The  male  organs  in  the  mountain  pine  beetle 
(Richmond,  1935)  correspond  closely  to  those  of  D.  vs lens 
(Hopkins,  1915),  however,  several  differences  were  revealed 
by  the  histological  studies.  Figure  1  is  a  lateral  viex>j  of 
the  reproductive  system  and  shows  the  position  occupied  within 
the  abdomen.  A  more  complete  representation  of  all  parts  is 
given  in  figure  2,  but  in  a  ventral  view. 

The  male  reproductive  system  includes  the  following  major 
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components.  There  are  two  testes  (Tes)  each  linked  to  a  short 
vas  deferens  ( Vd )  and  at  the  posterior  end  of  each  vas  deferens 
are  two  pairs  of  accessory  glands  (AcGl)  and  possibly  a  third 
(X)  (figs.  5>)«  A  pair  of  seminal  ducts  (SmlD)  extend  from 
the  glands  to  unite  medially  with  the  ejaculatory  duct  (EjD). 

Tills  duct  then  continues  posteriorly  to  fasten  onto  the 
internal  intromittent  organ  or  penis  (Pen).  When  in  the  normal 
position  the  penis  lies  withdrawn  in  the  abdominal  cavity  (fig.2). 

(ii)  Testis  and  vas  deferens:  The  testes  are  depicted  in 
figure  2  and  in  greater  detail  in  figures  3,  6,  and  7«  They 
are  usually  bean- shaped,  whitish  structures,  dorso-ven trally 
flattened,  and  measure  approximately  0.8  mm.  at  their  maximum 
width.  Each  testis  is  divided  into  six  compartments,  all  of 
which  are  similar  in  size.  These  are  termed  the  testicular 
follicles  (fig.  3;  Fol).  From  a  median  point  on  the  testis  the 
vas  deferens  (fig.  3)  projects  posteriorly  and  is  at  first,  a 
broad  tube  which  tapers  to  the  size  of  the  ejaculatory  duct. 
Within  each  testis,  the  vas  deferens  divides  into  two  short 
ducts,  the  vasa  eiferentia  (fig.  3;  Ve),  and  three  follicles 
appear  to  be  continuous  with  each  vas  eSferens® 

An  epithelial  sheath  (fig.  3;  EpSh)  forms  an  outer 
covering  over  the  testis.  This  sheath  varies  in  thickness  at 
various  points  but  is  thickest  around  the  base  of  the  vas 
deferens.  At  this  point  it  appears  to  continue  as  an  outer 
sheath  over  the  vas  deferens  but  becomes  less  thick.  This 
epithelium  is  also  continuous  with  the  septa  (fig.  3>  Sep) 
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which  separate  one  follicle  from  another.  The  epithelium  has 
the  appearance  oi’  a  loose  reticulate  membrane  with  numerous 
oval- shaped  nuclei.  The  epithelial  sheath  rests  on  a  basement 
membrane . 

Within  the  follicles  the  sex  cells  occur  in  different 
stages  of  development,  and  for  the  insect  testis  in  general, 
four  zones  of  development  have  been  described.  These  are, 
the  germarium  zone,  the  zone  of  spermatocytes,  the  zone  of 
maturation  and  reduction  division,  and  the  zone  of  transforma¬ 
tion  (Wiggle sworth,  1953).  In  the  testis  of  the  bark  beetle 
only  the  last  zone  could  be  distinctly  identified.  This  was 
observed  near  the  base  of  each  follicle  or  at  the  anterior  end 
of  the  vasa  efferentia.  Towards  the  outer  periphery  of  the 
testicular  follicles  the  sex  cells  were  of  several  sizes.  At 
least  three  sizes  could  be  distinguished  with  groups  of  each 
size  often  found  in  a  cluster  (fig.  3j  Nuc).  It  may  be  assumed 
that  these  nuclear  bodies  represent  the  first  three  zones  of 
development  with  the  earliest  stage  occurring  at  the  outer 
extremity  of  each  follicle.  Development  of  the  spermatozoa 
appears  to  progress  at  the  same  rate  in  all  follicles. 

The  young  spermatozoa  near  the  base  of  each  follicle 
are  enclosed  in  sperm  cysts  (fig.  3;  SpCst).  According  to 
Imms  (1957)  these  cysts  are  composed  of  special  cyst- cells  which 
enclose  and  probably  nourish  the  immature  spermatozoa  until 
they  mature.  At  the  completion  of  development  the  cyst-cells 
apparently  rupture,  spilling  the  mature  sperm  into  the  vasa 
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In  histological  preparations  of  males  that  were  removed 
from  the  host  tree  in  late  November,  large  irregular  shaped 
bodies  were  observed  at  the  base  of  the  testicular  follicles. 
Intermixed  with  these  bodies  was  a  granular  material  which 
showed  a  strong  affinity  for  eosin.  The  dark  bodies  appeared 
to  have  their  origin  from  the  wall  of  the  vas  efcferens. 

Moreover,  their  shape  and  coloration  seemed  identical  with  the 
prominent  nuclei  of  that  region.  The  granular  material,  on 
tne  other  hand,  probably  originated  from  the  inner  wall  of  the 
vas  e££“erens  since  identically  stained  material  was  observed 
within  oval- shaped  bodies  in  the  walls  of  these  ducts.  This 
phenomenon  did  not  occur  in  the  same  magnitude  in  all  ocher 
sectioned  males  which  were  collected  while  in  their  normal 
summer  activities. 

Both  the  vas  e(ferens  and  vas  deferens  are  thick  walled 
tubes  having  an  inner  lining  of  epithelium  with  cyloplasmic 
processes  (fig.  35  CytoPr)  and  prominent  nuclei;  an  outer 
epithelium  occurs  on  the  vas  deferens  only.  The  inner  layer 
shows  acidophilic  properties  while  the  outer  has  a  strong 
affinity  for  hematoxylin.  The  anterior  portion  of  the  vas 
deferens  is  widened  and  this  portion  may  be  termed  the  true 
seminal  vesicle  (fig.  35  Smlv).  The  vasa  e^ferentia  also  function 
for  sperm  storage  but  their  holding  capacity  Is  much  less. 

Large  masses  of  sperm  are  always  found  in  these  two  ducts  when 
the  males  are  fully  mature.  The  posterior  end  of  the  vas 
deferens  leads  into  the  funnel  mechanism  (fig.  45  Fun). 
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Workers  in  the  past;  have  rel'erred  to  the  most  posterior 
accessory  gland  (figs.  4»  8;  AcGl(b))  in  male  bark  beetles  as 
the  "seminal  vesicle"  (Hopkins,  1915;  Richmond,  1935;  Chapman, 
195b),  however,  no  evidence  was  round  to  support  3uch  a 
conclusion  in  D.  mon ticolae  0  Chapman  (1950)  separated  sexually 
mature  males  of  Trypodendron  lineatum  (Oliv.)  from  young  males 
on  the  basis  of  sperm  accumulation  in  the  vasa  deferentia0 
Of  the  "seminal  vesicles"  in  T,  lineatum,  he  stated  that  sperm 
were  never  found  within  them.  Francke-Grosmann  (1950)  reported 
that  the  vasa  deferentia  in  D.  micans  also  perform  the  function 
of  seminal  vesicles  (Samenblase ) . 

Within  the  testes  of  the  mountain  pine  Dee  tie,  appar¬ 
ently  three  follicles  feed  mature  spermatozoa  into  each  vas 
efferens  and  a  pair  of  these  ducts  are  present  entirely  within 
each  testis.  There  is  some  variation  in  the  morphology  of  the 
testes  and  vasa  efferentia  between  other  Pend roc tonus  specie s9 
In  D.  mican s,  the  vasa  efferentia  are  visible  external  to 
the  testes  (Francke-Grosmann,  1950)  and  each  testis  is  a  single 
unic.  In  D.  valens  the  vasa  efferentia  are  arranged  identically 
but  each  testis  is  subdivided  (Hopkins,  1915)  *  The  structural 
arrangement  in  the  Douglas  fir  beetle,  D,  pseudotsugae  (Ryan, 
1559)  appears  to  be  identical  with  the  arrangement  in  the 
mountain  pine  beetle.  Some  peculiarities  have  also  been  ob¬ 
served  in  the  testis  structure  in  the  mountain  pine  beeule.  In 
most  dissections,  the  testes  appeared  as  illustrated  in  figure 
2.  However,  on  rare  occasions,  divided  testes  were  found  inhere 
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short  vasa  efferentia  were  visible  and  external  to  euch  hull' 
testis.  It  is  presumed  that  in  such  occurrences,  the  te3ti3 
is  equally  divided  with  three  iollicles  per  half.  Richmond 
(1935)  in  his  study  of  ±).  monticolae  illustrated  the  testes 
as  described  in  the  rare  condition. 

(iii)  Accessory  ..lands:  Two  pairs  of  accessory  glands  will 
be  described  below  and  are  labelled  AcGl(a)  and  AcGl(b)  in 
figures  2  and  4.  In  addition,  a  third  structure  (fig.  4;  X) , 
also  believed  to  be  glandular,  will  be  discussed. 

Accessory  gland  (a)  (AcGl(a)):  These  glands  are  worm¬ 
like  in  form  and  appear  as  uniform  tubes  for  their  entire  length. 
They  are  usually  coiled  as  shown  in  figure  2.  At  a  point  near 
their  mid-length  a  short  duct  (figs.  5,  9;  AcGl(a)D)  extends 
posterioily  to  form  a  connection  with  the  funnel  opening. 
Laterally  from  the  short  duct  the  two  end  portions  of  the  gland 
extend  posteriorly  within  the  abdomen.  In  most  freshly  dissected 
mature  males  the  glands  are  milky  colored.  In  many  newly 
developed  males  on  the  other  hand,  they  are  almost  transparent, 
thus  suggesting  a  ripening  with  maturity.  In  both  age  classes 
of  males,  however,  there  appeared  to  be  little  or  no  difference 
in  their  overall  size.  When  live  males  with  transparent  glands 
were  dissected  in  Ringer's  the  glands  we re  easily  ruptured. 

On  such  occasions  the  transparent  fluid  flowed  out  as  a  viscous 
material  in  thread-like  manner.  Once  in  contact  with  Ringer's, 
it  hardened  somewhat  and  exhibited  slight  elastic  properties. 

It  is  heavier  than  water  and  when  in  contact  with 
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this  it  becomes  milky  in  appearance.  Once  in  the  milky  con¬ 
dition  it  appears  slightly  granular  and  is  fairly  refractive. 
When  male  beetles  have  been  stored  in  formal  saline  fixative 
for  some  time  the  fluid  of  these  glands  turns  a  rust  color. 
Several  similar  properties  have  been  recorded  for  the  male 
accessory  glands  in  Popillia  japonica  Newman  by  Anderson  (1950)* 

Histologically,  accessory  glands  (a)  and  the  fluid 
within  appear  to  be  uniform  over  their  length*  The  wall  of 
this  gland  is  thick  and  has  prominent  nuclei  (fig.  4)*  The 
glandular  secretion  possesses  acidophilic  properties.  During 
mating  this  gland  contributes  the  largest  component  of  the 
secretion • 

Accessory  gland  (b)  (AcG-l(b)):  In  the  mountain  pine 
beetle  this  gland  is  a  prominent  structure  (figs.  2,  4>  8,  9, 
10).  It  has  been  described  as  mellon-like  in  shape  and  often 
has  four  well  defined  lobes.  These  lobes,  however,  do  not 
divide  the  gland  into  different  sections;  the  interior  is  a 
single  cavity.  This  gland  is  constructed  to  serve  a  dual 
function.  Besides  being  glandular,  it  holds  the  posterior  tip 
of  the  vas  deferens  in  proper  alignment  with  the  seminal  duct* 

It  varies  considerably  in  size,  depending  on  the  age  and 
activities  of  the  animal.  Maximum  widths  measured  in  the 
transverse  plane  vary  from  0.3  to  0.7  mm* 

In  freshly  disseeted  material  the  glands  are  nearly 
transparent,  while  the  fluid  content  is  completely  colorless* 
Although  no  attempt  was  made  to  determine  the  properties  of 
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this  fluid,  it  appeared  to  be  miscible  with  water.  Chapman 
(1936)  states  that  in  the  ambrosia  beetle,  T.  linea turn  the 
contents  of  this  gland  are  clear  except  for  small  amounts  of 
oily  material.  At  no  time  did  he  observe  any  other  materials 
in  this  gland,  in  spite  of  the  close  association  of  its  opening 
with  spermatozoa  and  fluid  from  the  worm- shaped  glands.  In 
D.  micans .  however,  Francke-Grosmann  (1950)  reported  small 
clumps  of  such  mixture  within  accessory  gland  (b),  but  this 
was  very  seldom*  No  extraneous  material  was  ever  observed  in 
accessory  gland  (b)  of  the  mountain  pine  beetle. 

The  histological  structure  of  accessory  gland  (b)  is 
similar  to  that  observed  in  the  (a)  glands.  The  wall  is  com- 
posed  of  a  thick  layer  of  secretary  cells  which  have  large 
nuclei  (fig.  8;  Nuc).  In  several  histological  preparations 
small  spherule-like  bodies  were  observed  adjacent  to  the  inner 
gland  wall;  this  was  probably  an  oily  material  similar  to  that 
observed  by  Chapman  (1956).  The  interior  of  the  glands  rarely 
stained. 

X- structure:  This  small  structure  lies  almost  hidden 

below  the  worm- shaped  accessory  gland,  but  it  feeds  into  the 
main  sperm  channel  in  the  same  manner  as  the  vas  deferens  and 
the  (a)  glands.  It  is  illustrated  in  figures  4  and  5*  In 
fresh  preparations  the  outer  bulb  portion  of  this  structure  has 
a  yellowy  appearance  and  in  transverse  section  (fig.  5>  X)  its 
wall  is  thin,  rigid,  and  nucleated.  Within  the  bulb  portion  an 
acidophilic  substance  shows  clearly.  Posterior  to  the  bulb  is 
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a  short  duct.  Its  wall  appears  to  be  identical  in  cellular 
structure  to  its  two  neighboring  ducts,  the  vas  deferens  and 
the  duct  of  accessory  gland  (a).  The  wall  is  thick  with  an 
inner  layer  of  epithelial  cells  and  an  outer  layer  which  may 
be  partly  muscular  (fig,  9).  Prominent  nuclei  are  character¬ 
istic  in  the  outer  layer.  The  duct  opening  from  the  X- structure 
is  small  in  comparison  to  the  openings  from  the  two  adjacent 
ducts  (fig,  9)* 

No  similar  glandular  structure  has  been  recorded  in 
other  bark  beetles.  However,  according  to  Imras  (1957)  three 
pairs  of  accessory  glands  are  not  uncommon  in  the  Polyphaga, 

As  in  the  original  observations  of  Escherich  (1894) >  male 
accessory  glands  have  been  described  according  to  their  origin,. 
Those  glands  which  are  derived  from  the  mesoderm  and  formed  as 
evaginations  of  the  vasa  deferentia  have  been  termed  mesadenia, 
those  of  ectodermal  origin  and  which  arise  from  the  ejaculatory 
duct  as  evaginations  are  termed  ectadenia.  If  this  sytem  of 
nomenclature  can  be  applied  to  D,  monticolae ,  then  the  (a) 
glands  and  X- structure  would  probably  be  mesadenia  while  the 
(b)  glands  would  fall  into  the  ectadenia  group,  Francke-Grosmann 
(1950)  suggested  the  name  ^middle  gland*  for  the  (b)  gland  be¬ 
cause,  as  she  states,  *it  connects  the  ectoderaial  ejaculatory 
duct  with  the  mesodermal  vas  deferens** 

All  male  glands,  including  the  vas  deferens,  open  into 
the  ejaculatory  duct  system  at  the  same  point.  This  is  brought 
about  by  the  arrangement  of  the  ducts  of  each  gland  in  relation 
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to  the  Tunnel  mechanism  or  widened  anterior  end  of  the  seminal 
duct  (fig,  4)*  Three  ducts  (AcGl(a)D,  Vd ,  X)  form  a  tri-duct 
system  and  these  in  turn  are  surrounded  by  the  circular  open¬ 
ing  from  the  (b)  gland*  It  appears,  therefore,  that  an  inter¬ 
mixing  of  four  materials  takes  place  simultaneously*. 

In  figure  4  accessory  gland  (b)  is  illustrated  with 
its  opening  continuous  with  the  funnel.  Opening  and  closing 
of  this  gland  is  brought  about  only  when  contractions  of  the 
seminal  and  ejaculatory  ducts  occur,  as  observed  when 
dissected  in  physiological  saline.  The  fluid  from  the  access¬ 
ory  (a)  gland  is  readily  recognized  and  during  contraction  of 
the  ejaculatory  duct  system,  quantities  of  this  fluid  can  be 
seen  to  pass  into  the  funnel  with  each  successive  contraction* 
It  would  seem  that  the  contracting  movements  of  the  associated 
ducts,  especially  the  seminal  and  ejaculatory,  would  ensure  a 
mixing  of  uhe  glandular  secretions  in  fairly  constant  propor¬ 
tions.  This  mixture  containing  spermatozoa  intermixed  with 
glandular  fluids  constitutes  the  spermatophore  when  deposited 
in  the  female  beetle  during  copulation. 

With  regard  to  the  functions  of  the  accessory  gland  (b) 
(Samenblase)  in  D.  micans,  Fran eke- Grosmann  (1950)  suggests 
that  this  gland  contributes  a  secretion  which  envelops  the 
mixture  of  sperm  and  fluid  from  the  (a)  glands  to  form  a  so- 
called  ^spermatophore1*.  However,  in  the  mountain  pine  beetle 
the  properties  of  the  fluid  from  the  (b)  glands  are  not  under¬ 
stood  and  since  the  sperm  packets  so  far  observed  have  been 
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more  or  less  spherical  objects,  it  would  appear  more  likely 
tha  l  this  i'luid  is  fully  intermixed  wich  each  sperma cophore . 

(iv)  Ejaculatory  duct:  The  ejaculatory  duct  system  forms  the 
main  tubular  pathway  from  the  testes  to  the  exterior  of  the 
abdomen.  It  extends  from  the  accessory  glands  posteriorly  to 
the  internal  accessory  apparatus  of  the  copula tory  organ 
(fig,  2),  For  convenience  the  two  anterior  branches  of  the 
ejaculatory  duct  have  been  termed  seminal  ducts,  however, 
their  function  and  histological  structure  appears  to  be  identi¬ 
cal  with  the  median  ejactulatory  duct  proper  (fig,  12A,  B).  In 
cross-section  the  ejaculatory  duct  displays  a  thick  layer  of 
circular  muscles  and  an  inner  epithelium  (fig,  12B),  The 
nuclei  of  the  inner  wall  of  this  duct  are  more  numerous  and 

are  larger  than  the  nuclei  of  the  muscular  layers.  No  distinct 
intima  was  observed  lining  the  inner  epithelium, 

(v)  Genital  apparatus;  The  male  genital  organ  of  the  bark 
beetle  is  a  rhyncophorus  type  (Sharp  and  Muir,  1912)  and  is 
illustrated  in  various  aspects  in  figure  11A,  B,  and  G,  It  is 
the  intromittent  organ  used  for  conveying  the  male  reproductive 
secretion  products  to  the  female  during  coition.  This  organ 
with  some  of  its  anterior  musculature  was  briefly  described  by 
Richmond  (1935)  and  the  male  genitalia  of  D.  valen s  (Hopkins,  1915 
Bruhn ,  1947)  is  similar  in  nearly  ail  respects.  However,  greater 
detail  is  presented  here  on  the  morphology  of  structures  and 

some  differences  of  interpretation  are  included. 

The  major  portion  of  the  genital  organ  is  scierotized  as 
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shown  in  figure  11A,  B,  and  C.  These  parts  include  the  median 
penis  (Pen)  with  its  paired  anterior  apodemes  (Apod)  and  an 
internal  accessory  apparatus  consisting  of  seminal  rod  (SmlRd) 
and  anchor  (Anch).  The  tegmen  (Tgm)  and  spicule  (Spcl)  are 
also  accessory  parts  of  the  genitalia  but  are  separate 
sclerites  and  may  be  attached  to  the  penis  indirectly  by 
muscle  or  membranous  tissue .  In  addition  to  these  sclerites, 
the  internal  sac  (IntSa)  is  also  an  important  membranous  com¬ 
ponent  of  the  penis.  It  is  normally  folded  within  the  penis, 
but  during  mating  it  becomes  everted  as  in  figures  13  and  14<> 

The  penis  is  tubular  in  form  with  a  basal  orifice  (BOr) 
at  its  anterior  end  and  an  ostium  (Ost)  at  its  posterior  apex 
(fig.  12).  Two  heavily  sclerotized  apodemes  extend  anteriorly 
from  the  lateral  walls  of  the  main  penis  body.  These  serve  as 
points  of  attachment  for  muscles  connecting  to  all  of  the 
accessory  sclerotized  parts  of  the  penis  except  the  spicule* 

On  the  dorsal  aspect  of  the  penis  two  prominent  lobes  are 
present;  these  were  termed  lateral  folds  by  Hopkins  (1915). 

A  median  portion  of  this  aspect  is  also  membranous  and  this 
may  correspond  to  the  first  connecting  membrane  (figs.  12,  13, 
I4;  Connito"^)  after  Metcalfe  (1932).  It  attaches  from  the  basal 
orifice  rim  to  the  posterior  of  the  abdomen.  A  second  membrane 
or  a  continuation  o f  the  first  connects  the  penis  to  the  tegmen. 
When  the  penis  is  in  the  normal  position  the  first  connecting 
membrane  forms  an  outer  sheath  and  when  forced  external  to  the 
abdomen,  the  anterior  of  the  penis  merely  slips  through  this 
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membrane,  thus  pulling  it  inside  out* 

Three  sensory  areas  occur  on  the  penis,  one  at  the 
ventral  apex  and  two  on  the  dorsal  lobes.  These  sensory 
structures  are  in  the  form  of  short  conical  spines  (figs.  11A, 
B,  18;  SensPen)  and  probably  function  as  tactile  receptors* 

The  internal  accessory  apparatus  is  fixed  in  position 
to  the  inner  dorsal  wall  of  the  penis,  near  its  posterior 
apex.  At  this  point  the  posterior  sides  of  the  anchor 
articulate  with  the  terminal  infolded  portions  of  the  penis 
wall. 

The  internal  sac  is  connected  to  the  arms  (Arm)  of  the 
anchor  in  such  a  manner  that  the  entire  accessory  apparatus 
lies  on  the  inner  lining  of  the  sac.  With  this  arrangement 
the  ejaculatory  duct  remains  external  to  the  sac,  except  for 
its  terminal  end,  which  is  rigidly  attached  to  the  anchor  and 
rod.  In  addition,  the  internal  sac  is  continuous  with  the 
internal  apex  of  the  penis. 

The  internal  accessory  apparatus  appears  to  serve  three 
functions.  Firstly,  it  provides  the  posterior  support  for  the 
ejaculatory  duct.  Secondly,  it  is  rigidly  fixed  to  the  penis, 
yet  is  movable  in  a  hinge- like  manner*.  With  these  features 
the  gonopore  can  be  properly  orientated  with  the  exterior  of 
the  penis.  A  third  function  is  provided  by  the  seminal  rod 
which  acts  as  a  guide  for  the  seminal  fluid  (fig*  16)  during 
ejaculation.  Hopkins  (1915)  described  the  accessory  apparatus 
in  D.  valens  as  serving  a  valvular  function  but  this  was 
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earlier  doubted  by  Sharp  and  Muir  (1912).  Wo  histological 
evidence  was  round  in  the  mountain  pine  beetle  to  suggest  a 
valvular  function  for  any  part  of  the  seminal  rod  or  anchor, 
Moreover,  the  posterior  ejaculatory  duct  does  not  attach  onto 
the  anterior  end  of  the  accessory  apparatus  as  suggested  by 
Hopkins  (1915)  and  Richmond  (1935),  but  rather  to  a  more  median 
point  on  its  dorsal  side.  The  attachment  appears  to  be  more 
firmly  held  to  the  arms  of  the  anchor  than  to  the  seminal  rod 
(fig,  16).  This  arrangement  corresponds  closely  to  the  condi¬ 
tion  reported  for  D.  micans  ( Fran eke- Gro smann ,  194®)*  The 
gonopore  (Gpr)  for  the  posterior  ejaculatory  duct  opening  lies 
between  the  arms  and  seminal  rod  (figs,  lb,  17B). 

The  overall  form  and  structure  of  the  internal  sac  can 
be  properly  visualized  only  when  everted  in  position  for  mating 
(figs.  13,  14) •  When  fully  everted  it  appears  as  a  thin, 
almost  transparent  membrane  which  has  a  large  median  lobe  that 
is  partially  bisected  from  the  dorsal  side  and  two  prominent 
lateral  lobes  (figs.  13,  14>  LLb,  HLb).  On  the  outer  surface 
of  the  lobes  two  patterns  of  spiny  sclerites  are  present*  The 
lateral  lobes  display  an  even  distribution  of  small  conical 
spines  (figs,  13,  14)  which  are  arranged  individually,  while 
the  larger  median  lobe  possesses  a  series  of  small  rows  of 
spines.  The  latter  spines  are  smaller  than  those  of  the 
lateral  lobes  and  become  progressively  smaller  towards  the 
posterior  tip.  The  individual  rows  appear  evenly  spaced  and 
are  arranged  transversely  over  this  lobe.  No  sclerotiza tions 
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were  observed  on  the  ventral  side  of  the  median  lobe* 

At  the  very  posterior  tip  of  the  median  lobe  is  a  small 
circular  structure  (figs.  14,  15;  Y)  which  is  yellowish  in 
color  when  seen  exteriorly  (fig.  14;  Y).  It  is  believed  to 
be  a  sensory  structure  but  may  be  glandular  as  well.  In 
figure  14  it  is  shown  in  cross-section  while  the  sac  was 
retracted  within  the  penis.  Its  outer  wall  is  firm  and  may  be 
partly  sclerotized.  Internally  It  is  nucleated  and  some 
differentiation  of  the  cytoplasm  is  suggested® 

A  similar  structure  was  observed  in  D.  micans  by 
Francke-Grosmann  (194$)  to  which  she  ascribed  the  term  epithe¬ 
lial  body.  She  believed  it  to  serve  some  role  in  regulating 
blood  pressure  within  the  everted  sac.  ho  further  studies 
were  made,  however,  to  confirm  that  such  a  function  exists. 

The  tegmen  is  a  shallow  U-shaped  sclerite  located  on 
the  ventral  side  of  the  penis  (fig.  11A,  B,  C,  D,  E)  and  is 
normally  situated  about  two- thirds  of  the  distance  from  its 
posterior  tip.  The  tegmen  forms  a  narrow  band  with  its  ends 
curved  dorsally.  Two  small  anterior  projections  are  present 
in  a  median  position  (fig.  11B).  Since  the  tegmen  serves  an 
important  function  for  muscle  attachment  it  never  moves  exter¬ 
ior  to  the  abdomen  during  mating. 

The  most  prominent  accessory  sclerite  of  the  genital 
apparatus  is  the  spicule  (figs.  2,  11,  12).  This  structure 
has  been  termed  variously  but  the  term  adopted  here  follows 
the  definition  given  by  Lindroth  and  Palmen  (1956).  It  forms 
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a  major  support  for  the  intrornl ttent  organ.  In  structure  the 
spicule  resembles  a  round  bar,  bent  in  the  form  of  a  double  nUu . 
The  anterior  end  is  slightly  enlarged  and  rests  In  a  median 
dorsal  position  with  the  apodemes  (fig.  11C).  From  its  anter¬ 
ior  tip  It  extends  laterally  and  posteriorly,  then  transversely 
near  the  posterior  end  of  the  penis  (fig.  11A,  B,  C),  thus 
forming  a  large  nU'*.  The  transverse  portion  has  two  pointed 
ends  which  project  dorsally  on  either  side  of  the  penis, 
forming  a  second,  smaller  "U”.  All  three  terminal  points  of 
the  spicule  play  an  important  role  for  the  attachment  of  the 
associated  muscles.  The  spicule,  unlike  the  tegmen,  remains 
relatively  stationary  within  the  abdomen  during  the  mating 
process* 

(vi)  Musculature  of  genital  apparatus:  All  separate  muscles 
which  have  been  found  on  the  male  genital  apparatus  are 
recorded  below  as  well  as  their  points  of  attachment.  For 
convenience  they  have  been  assigned  numbers,  ie.,  Ml  to  M12, 
and  are  illustrated  in  figures  11D,  E,  12,  13,  and  14* 

The  first  six  muscles  (M^  to  inclusive)  serve  to  hold 
the  spicule  in  a  stationary  position  within  the  abdominal 
cavity.  and  extend  from  the  posterior  points  of  the 
spicule  to  attach  onto  the  inside  lateral  margin  of  tergum 
VIII.  M2  and  also  originate  from  the  posterior  spicule 
prongs  but  attach  onto  the  inside  margin  of  sternum  VIII. 
and  originate  similarly  to  M2  and  but  extend  ventrally 
and  posteriorly  to  sternum  VIII. 
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My  is  in  the  forrri  of  a  band  (fig*  11D,  E)*  By  attaching 
onto  both  posterior  spicule  prongs,  it  completes  a  ring  around 
the  posterior  end  of  the  penis.  The  first  connecting  membrane 
passes  between  this  ring  and  the  penis.  Relaxation  and  con¬ 
traction  of  this  muscle  band  probably  controls  the  rigidity 
of  the  intromittent  organ  when  it  is  extended  during  mating 
activity.  It  also  serves  as  a  guide  for  the  penis  to  slide 
through. 

Mg  and  also  attach  onto  the  spicule,  although  in 

function,  the  two  oppose  one  another.  Mg  is  a  large  muscle 

(fig.  11D,  E)  which  originates  from  the  anterior  end  of  the 

spicule  and  attaches  onto  the  two  lateral  arms  of  the  tegmen. 

In  so  doing  M0  and  the  tegmen  form  a  loop  around  the  apodemes. 
o 

on  the  other  hand,  extends  from  the  tegmen  to  the  trans¬ 
verse  portion  of  the  spicule.  It  takes  the  form  of  a  broad 
muscle  band.  When  the  genital  organ  is  in  the  normal  retracted 
position,  this  muscle  is  always  partly  relaxed  while  its 
opponent,  Mg  is  partly  contracted  (fig.  11D). 

M1q  is  a  small  but  important  muscle  which  extends  from 
the  two  anterior  projections  of  the  tegmen  to  the  anterior 
tips  of  the  penis  apodemes  (fig.  11D).  The  ejaculatory  duct 
passes  medially  between  this  pair  of  muscles  to  enter  into  the 
penis  tube.  Part  of  the  function  of  this  muscle  is  for  re¬ 
tracting  the  penis  after  copulation.  It  may  also  help  to  prevent 
lateral  movement  of  the  anterior  end  of  the  copula tory  organ* 

Mu  and  M-j^  function  solely  for  the  withdrawal  of  the 
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internal  sac,  after  coition  has  taken  place,  consists  of 

two  large  muscles,  each  originates  from  the  anterior  tip  of 
an  apodeme.  These  two  muscles  extend  posteriorly  within  the 
penis  tube  where  each  divides  into  at  least  three  branches. 

One  branch  of  each  muscle  attaches  onto  the  anterior  end  of 
the  internal  accessory  structure  while  the  other  two  branches 
spread  out  over  the  interior  lining  of  the  internal  sac 
(figs.  11D,  E,  13,  14)  •  3-s  also  paired;  one  muscle  is 

present  within  each  lateral  lobe  of  the  internal  sac.  They 
extend  from  the  inside  of  the  lateral  wall  of  the  lateral  lobes 
to  the  wall  of  the  median  lobe  (figs.  13,  14)* 


(vii)  Eversion  of  genital  apparatus;  The  following  description 
of  the  function  of  the  male  genitalia  is  based  primarily  on 
observations  of  the  associated  musculature  when  fixed  in  the 
mating  position  and  when  fixed  in  the  normal  retracted  position. 
This  account  is  similar  to  the  observations  and  conclusions  of 
Francke-Grosmann  (194&)  in  hsr  studies  of  the  male  genitalia 
of  D.  micans , 

Beginning  with  the  genitalia  in  the  normal  retracted 
position,  the  first  changes  likely  to  occur  are  the  contraction 
of  and  with  a  simultaneous  relaxation  of  Mg,  Contrac¬ 

tion  of  M  probably  causes  a  slight  counter  clockwise  rotation 
of  the  penis  so  that  the  gonopore  can  be  orientated  dorsally. 


The  activities  of  these  muscles  project  the  penis  posteriorly 
out  of  the  genital  opening,  causing  sufficient  movement  to 
bring  the  anterior  tips  of  the  apodeme s  in  line  with  the 


*  f  ~  I  ,  0  ’  ; 

. 

•  £  |  t 

~  i  ■  iOdOB  ,  X  f  .  >  .  <  '  :  ...  .  , 

J’lOBB  600  : 

-  it  ®d d  *x <  o  •  .  .  .  ■_ 

:  .  . 

*  3 

■  '  '  '  ■  ’  $©  >  ..  #  .  ..  : , ;  x© 

-  -  * 

'  ■ 1  1  ii©v! 

'  '  :  '•  •  i  '  ■"  '  '  ■  ®  :  ■  91  ‘  r  ||jf 

■  '  1  '  ••  ■  •  -  1  -■  BRf'CX  bed' siO'Ofiei  ©dd  j  ■  - 

'  ■  :  - ' ;  £  '  ■■■■  -  -  cti  >©  aedw  a  ..  so<  ... 

ifloierjXo  •  >t  •  Id  .  vcfo  ©xid  ieXi  ©  el  cusooqb  ".  t ! 

;  -  l  :  .  •  -■••}  ,0 

■  '  '  '•‘-1  '  -  -■‘J  ■£  ■  <.  .  i S  r  7  .  ;■  t  ; 

'  '  ,  ■■  $  ©  .  ,  t  noi 

,  _ 

J  i.  Hr 

iwaioolo  ted  no  d  !  ,  ...  j.«b  CcfBd  ■  j  i  f 

’  '  '  1  -  eitieq 

to:© 1 0*1  C©  I  ■  t  ■  ©  :  >1  .  i .  o  .  © 

. 

•••'  v  -'-1'  :JbCKj.c  o.t...  ‘io  s  r  j  *xoirif:  j'fic  oxi d 


-  34  - 

posterior  transverse  section  of  the  spicule  (fig.  12).  At  the 
same  time  the  tegmen  is  pulled  backward  to  the  posterior  end 
of  the  spicule  (fig.  12).  Projection  of  the  penis  is  probably- 
made  easier  with  a  relaxation  of  and  the  lateral  muscles  of 
the  eighth  sternum*  The  function  of  to  inclusive  may- 
help  to  shift  the  spicule  nearer  to  the  posterior  abdominal 
wall.  The  intromittent  organ  is  now  at  maximum  extention 
(figs.  13,  14)  for  mating* 

A  second  series  of  events  now  takes  place  to  unfold  the 
internal  sac.  This  unfolding  appears  to  involve  only  the 
relaxation  of  and  and  it  must  be  assumed  that  blood 

pressure  plays  the  major  role  for  sac  eversion*  As  the  sac  is 
forced  backward  the  infolded  posterior  sclerotiza tions  of  the 
penis  fold  out  laterally,  carrying  the  internal  sac  and  the 
accessory  apparatus  posteriorly.  This  movement  swings  the 
seminal  rod  backward  to  a  transverse  position  with  the  penis* 
Fran eke- Grosmann  (1948)  suggested  that  the  stiffening  and 
pumping  action  of  the  muscular  ejaculatory  duct  also  helpos  to 
force  the  accessory  apparatus  posteriorly.  The  internal  sac 
then  completely  unfolds  in  balloon- like  fashion,  bringing  the 
gonopore  adjacent  to  a  mid-dorsal  point  at  the  base  of  the 
median  lobe  (fig.  13) • 

During  observations  on  the  mating  process,  it  appeared 
that  the  internal  sac  was  completely  everted  only  when  in  the 
genital  chamber  of  the  female.  Retraction  of  the  genital  organ 
conceivably  takes  place  in  a  similar  manner  as  eversion  but 
with  the  withdrawl  of  blood  from  the  sac  and  the  reverse 
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operation  of  the  muscles;  ie . ,  M^p  contracts  first,  1‘ollowed 
by  the  contraction  of  and  so  on  until  the  relaxation  of 
Mg  and  M^q. 

(viii)  Changes  in  the  male  reproductive  organs:  Throughout 
the  life  cycle  of  the  male  adult  bark  beetle,  few  developmental 
changes  were  noted  as  regards  the  reproductive  structures. 

Newly  developed  males,  when  they  emerge  from  the  brood  tree, 
are  apparently  sexually  mature;  when  young  males  are  examined 
their  testes  always  show  some  mature  spermatozoa.  It  was  noted 
by  Reid  (1958b) ,  however,  that  young  broods  seldom  mated  before 
emerging  from  the  host  tree.  Mated  females  were  of  the  order 
of  less  th8n  one  per  cent.  In  D.  micans.  Fran  eke- G-rosmann 
(1950)  reported  that  the  male  beetle  becomes  sexually  mature 
before  its  cuticle  has  completely  darkened. 

Histological  preparations  of  the  testes  of  newly 
developed  mountain  pine  beetles  revealed  that  the  quantity  of 
mature  sperm  increases  for  the  first  few  days.  After  this 
period,  and  especially  after  mating,  large  masses  of  speiro  may 
be  found  within  the  vasa  efferentia  and  vasa  deferentia.  The 
only  other  variation  observed  in  the  reproductive  system  during 
the  male  beetle’s  life  was  the  presence  of  dark  stained  bodies 
and  granular  material  in  the  vasa  eJferentia  as  already  described 
for  the  overwintering  male. 

An  attempt  was  made  to  compare  the  size  of  the  (b) 
glands  and  testes  of  newly  developed  (one  day  after  emergence) 
males  with  the  same  structures  in  five  days  old  (five  days 
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after  emergence)  males.  This  was  done  by  taking  the  average 
maximum  width  or  testes  and  the  lb)  glands  for  each  beetle  and 
plotting  the  values  obtained  against  total  body  length.  The 
results  are  illustrated  in  cnart  1.  The  relationship  between 
the  (b)  gland  of  one  day  old  and  the  (b)  gland  of  five  days  old 
is  a  close  parallel.  A  similar  relation  exists  for  the  testes. 
Both  structures  show  a  small  linear  increase  witn  increase  in 
body  length. 

Characteristics  of  the  (a)  glands  were  also  noted  in 
the  above  two  groups  ( ipO  beetles  per  group).  The  criterion  used 
in  comparing  one  group  with  another  was  based  on  the  degree  of 
transparency  of  the  gland  fluid.  Three  categories  were  used, 
transparent,  slightly  milky,  and  milky.  For  the  one  day  old 
beetles,  the  ratio  was  5:5:30  respectively,  and  for  the  five 
days  old  beetles,  the  ratio  was  0:4:36.  Males  older  than  five 
days  usually  had  milky  colored  accessory  glands.  Moreover,  it 
was  observed  that  when  the  fluid  from  the  (a)  glands  was 
secreted  during  mating  or  lost  from  rupture  while  in  dissecting 
solution,  portions  of  the  glana  became  almost  transparent. 
Finally,  the  presence  of  gland  secretion  (fig.  16;  AcGl(a)Fl) 
within  the  male  genitalia  was  an  indication  that  mating  had 
taken  place. 

(c)  FmKALE  REPRODUCTIVE  SYSTEM 

(i)  General:  The  general  structures  of  the  female  organs  of 
reproduction  in  D.  monticolae  have  Deen  illustrated  by  Richmond 
(1935)  and  by  Reid  (1956a),  however,  some  changes  of 
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interpretation  were  found  necessary. 

All  components  of  tliu  female  organs  are  illustrated  in 
figures  19  and  20  and  include  two  ovaries  (Ov),  eacn  with  a 
suspensory  ligament  (SusLig),  a  pair  of  lateral  oviducts 
(LOvd),  a  median  oviduct  (MOvd),  a  prominent  bursa  copula trix 
(Bcopx),  a  sperma theca  (Spth),  and  a  pair  of  accessory  glands 
(AcGl).  The  median  oviduct  opens  posteriorly  via  the  genital 
opening  (figs.  19,  21A;  GenOp).  There  are  no  accessory 
sclerites  associated  with  the  posterior  end  oi  the  female 
reproductive  system,  nor  with  the  posterior  abdominal  segments. 

(ii)  Oviducts:  Included  in  the  oviduct  system  are  a  common 
egg  tube  situated  medially  and  two  snort  lateral  ducts  which 
lead  from  the  common  duct  to  the  ovaries.  All  portions  of  the 
egg  tube  appear  to  be  similar  in  their  muscular  structure 
(fig.  23),  except  for  the  posterior  region  (fig.  21A).  A 
transverse  section  of  the  median  oviduct  in  the  relaxed  condi¬ 
tion  (fig.  23)  shows  an  inner  layer  of  longtitudinal  muscles 
(LnMcl)  surrounded  by  several  layers  of  circular  muscles  (CMcl). 
When  relaxed  the  inner  wail  is  convoluted  (fig.  23)*  In  addi¬ 
tion  to  the  muscle  layers,  a  thin  cutlcular  membrane  lining 
covers  the  inner  wall  of  the  lumen  and  carries  numerous  small 
spicules.  These  sclerotized  spines  project  into  the  lumen 
with  a  posterior  orients uion,  and  are  most  numerous  near  the 
posterior  end  of  the  median  oviduct.  According  to  Jackson  (I960) 
these  spines  are  a  characteristic  feature  of  the  Colaopteran 
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Chart  1+  Relationship  between  body  length  or  male 
D.  mon ticolae  and  the  average  maximum  width  of  testes  and 
accessory  glands  (AcGl(b)).  The  dotted  line  represents 
five  days  old  males  which  were  stored  with  females  and 
fresh  inner  pine  bark;  the  solid  line  represents  beetles 
one d ay  old.  A  total  of  80  beetles  were  examined,  4^  in 
each  age  group.  Each  point  on  the  chart  represents  an 
average  of  eight  beetles  which  were  arranged  according  to 
body  length,  from  shortest  to  longest.  All  measurements 
are  in  millimeters. 


Average  maximum  width  of  testes  and  AcGl(b)  (mm. 


Average  body  length  (mm.) 
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(iii)  Copula tory  pouch:  The  copulatory  pouch  la  dorsal  to 
the  median  oviduct  and  includes  the  vagina  (Vag)  and  the  bursa 
copulatrix  (Bcopx).  The  genital  opening  is  continuous  with 
the  copulatory  pouch  as  well  as  the  median  oviduct  (fig,  21A), 
Only  a  small  portion  of  the  bursa  copulatrix  is  shown  in  the 
median  view  of  figure  22A  since  the  bursa  characteristically 
curves  to  the  left  (figs,  19,  22A).  The  muscular  wall  of  the 
vaginal  region  does  not  appear  thick  and  may  only  consist  of 
circular  muscles  on  its  dorsal  side.  The  posterior  musculature 
of  the  vagina  is  thickened  and  is  arranged  similarly  as 
described  for  the  posterior  end  of  the  median  oviduct.  Hence, 
the  copulatory  pouch  may  also  be  closed  off  from  the  posterior 
by  a  sphincter  closing  mechanism* 

Surrounding  the  inner  wall  of  the  vagina  and  posterior 
end  of  the  bursa  copulatrix  is  a  loose  membrane  (figs.  23,  25), 
to  which  are  fixed  numerous  spicules,  somewhat  larger  than 
those  described  for  the  median  oviduct.  They  appear  to  be 
present  only  on  the  dorsal  wall  of  the  vagina  and  project 
anteriorly,  in  contrast  to  the  oviduct  spineso 

The  bursa  copulatrix  forms  a  dorsal  diverticulum  from 
the  median  oviduct,  is  blind  at  its  anterior  end,  and  is  slightly 
longer  than  one  millimeter.  It  is  a  muscular  tube  with  essen¬ 
tially  the  same  arrangement  of  muscles  as  the  median  oviduct. 

When  in  a  relaxed  state,  the  inner  bursa  wall  is  also  convoluted. 
A  thin  membrane  forms  an  inner  lining  for  most  of  its  length, 

Near  the  basal  end  of  the  bursa  the  muscular  wall  is  slightly 
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constricted  (fig.  22A) ,  and  immediately  posterior  to  this 
constriction  are  two  spiny  sclerites  (figs.  22A,  B,  23;  ’del), 
'i'hese  lie  on  the  dorsal  inner  wall  of  the  bursa  and  appear  to 
attach  directly  onto  the  muscle  tissue  (fig.  23).  Movement  of 
these  sclerites  takes  place  during  contraction  and  relaxation  of 
the  bursa  musculature.  In  cross-section  these  sclerites  are 
somewhat  convex  and  carry  about  ten  well  defined  spines  on  their 
outer  surface.  These  project  inwardly  and  posteriorly  within  the 
bursa  (figs.  22B,  23). 

The  occurrence  of  similarly  located  sclerites  has  been 
reported  in  many  female  elaterid  beetles  by  Stein  (1847),  and 
Becker  (1956).  The  latter  author  stated,  however,  that  he  was 
unaware  that  any  particular  function  had  been  assigned  to  them. 
The  presence  of  these  sclerites  was  also  illustrated  by 
Hopkins  (1915)  for  B.  valens  and  the  present  author  has  found 
them  in  three  of  five  other  Benaroctonus  species  examined. 

(iv)  Accessory  glands:  Only  one  pair  of  accessory  glands  (AcGl) 
were  found  in  the  female  beetle.  These  are  located  near  the 
posterior  end  of  the  reproductive  system  and  open  laterally  from 
the  lower  median  region  of  the  vagina.  When  filled  they  become 
greatly  distended  into  an  oval  shape  with  the  antero-ventral  side 
elongated  (fig.  24);  when  empty  they  become  quite  flat  and 
inconspicuous  (fig.  19 )• 

There  is  no  distinctive  duct  connecting  from  each  gland 
to  the  vaginal  pouch;  the  opening  is  loose  and  its  periphery 
is  lined  with  long  spines  (figs.  24A,  25;  Spn) .  These  spines 
project  toward  the  gland  interior.  The  cells  lining  the 
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accessory  gland  are  dome  shaped  (fig.  24A,  B,  C;  AcGICl)  and 
appear  somewhat  hexagonal  externally.  Each  cell  carries  a 
short  spine  at  its  tip  and  all  cells  appear  to  be  uniform  in 
size  except  those  adjacent  to  the  opening,  which  possess 
larger  spines  and  are  similar  to  those  surrounding  the  gland 
opening  (fig.  25).  In  histological  preparations  the  cell  walls 
retained  some  rigidity  and  contained  a  shrunken  mass  of  material 
within  them.  The  cytoplasm  at  the  base  of  each  cell  stained 
deeper  than  the  shrunken  material.  A  large  oval- shaped  nucleus 
is  embedded  within  the  cytoplasm  of  each  cell*  The  gland  is 
covered  with  a  basement  membrane  which  gives  it  a  smooth 
appearance • 

(v)  Qvarioles  and  their  histology:  Each  ovary  of  the  mountain 
pine  beetle  consists  of  two  ovarioles  (figs,  19,  20),  and  this 
number  is  apparently  consistent  with  all  rhyncophorus  beetles 
(Imms,  1957;  Robertson,  1961).  The  ovariole  is  illustrated 
diagrams tically  in  figure  26.  It  includes  a  short  terminal 
filament  (T1FI1),  a  germarium  (Germ),  a  vitellarium  (Vit),  and 
a  posterior  calyx  (Glx)  region.  A  sharp  transition  zone 
separates  the  germarium  from  the  vitellarium.  Within  the 
vitellarium  are  the  oocytes  (Ooc)  which  are  arranged  singularly 
and  increase  in  size  from  the  transition  zone  posteriorly. 

Each  developing  oocyte  with  its  surrounding  tissue  in  the 
vitellarium  constitutes  an  egg  follicle  (Fol).  A  thin  epithelial 
sheath  (EpSh)  invests  the  entire  ovariole. 

The  germarium  is  a  lanceolate  structure  containing  a  dense 
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packing  of  germ  cells  from  wnich  Lhe  nutritive  and  oocyte  cells 
become  differentiated.  In  a  newly  developed  female  two  sizes 
of  nuclei  were  observed,  the  larger  of  the  two  were  most  numer¬ 
ous  (fig.  28).  For  an  egg-laying  female  on  the  other  hand,  only 
the  larger  nuclei  were  observed,  even  though  the  small  cells 
may  have  been  present.  Moreover,  the  nuclei  of  the  egg-laying 
female  germarium  were  larger  than  the  largest  nuclei  observed 
in  the  immature  female,  and  because  of  tms  they  presented  a 
more  densely  packed  appearance  (figs.  27,  29,  30)®  In  both 
females,  however,  there  appeared  to  be  little  or  no  stratifica¬ 
tion  of  nuclei  witnin  the  germarium;  all  nuclei  appeared  to  be  of 
uniform  size  and  were  evenly  distributed.  The  larger  nuclei  are 
undoubtedly  the  trophocytes  while  the  smaller  may  represent  the 
precursors  of  the  pref ollicular  epithelial  cells  found  at  the 
anterior  end  of  the  vitellarium  (fig.  30;  PreFolSpth) .  The 
trophocytes  are  more  or  less  circular  and  appear  to  be 
uninucleate.  In  figure  28  the  smaller  nuclei  are  seen  scattered 
singly  throughout  the  germarium.  Schlottman  and  Bonhag  (195b) 
report  an  Identical  situation  in  Ten e brio  molitor  and  apply  the 
term  Rinterstitial  nuclei”  to  these  scattered  nuclei.  They  be¬ 
lieve  that  the  interstitial  cells  give  rise  to  or  contribute  to 
the  pref ollicular  tissue. 

At  the  transition  zone  there  is  an  abrupt  change  of 
microstructure s  (fig.  30).  Here  the  young  oocytes  seem  to  separ¬ 
ate  from  the  germarium  In  fair  abundance  and  are  at  first,  very 
small.  When  first  differentiated  from  the  germarium  they 
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appear  to  be  embedded  in  a  common  cytoplasm.  However,  as  they 
grow  in  size  and  move  posteriorly  the  oocytes  take  up  a  median 
position  in  the  vitellarium  tube  (fig,  31 ) •  At  the  same  time 
they  become  surrounded  by  the  pref oliicular  epithelial  cells 
(figs.  31).  These  cells  are  clearly  visible  first  at  the 

anterior  end  of  the  vitellarium  where  they  are  abundent.  They 
appear  as  elongated  cells  arranged  laterally  from  the  walls  of 
the  vitellarium  (fig,  30),  and  form  a  single  layer  of  cells 
around  each  oocyte;  this  layer  is  known  as  the  follicular 
epithelium  (fig,  32;  PolEpth) ,. 

Although  no  clearly  distinctive  cytoplasmic  cords  were 
observed  extending  from  the  germarium  to  the  young  oocytes, 
there  was  some  indication  that  a  cytoplasmic  substance  had 
moved  into  the  vitellarium  from  the  lateral  margins  of  the 
transition  zone  (fig.  30).  This  material  is  probably  a 
derivative  of  the  nutritive  cells  and  may  constitute  the  major 
nutritive  material  of  young  oocytes,  at  least  during  the  early 
stages  of  vitellogenesis. 

The  follicular  epithelium  surrounding  each  developing 
oocyte  consists  of  a  thick  layer  (fig,  31).  As  the  young  oocyte 
increases  in  volume  the  follicular  cells  become  more  flattened 
as  in  figure  32.  Bonhag  (1959)  suggested  that  the  follicular 
cells  cope  with  the  fast  expanding  area  of  a  growing  oocyte  in 
two  ways.  The  follicular  cells  may  increase  in  number  by 
mitosis,  or  they  may  become  flatter  by  lateral  stretching* 

At  the  base  of  each  ovary  is  a  widened  region  known  as 
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the  calyx  (fig.  19).  Its  inner  lining  is  muscular  and  Is 
convoluted  (fig.  35;  Mcl)  when  not  functioning  such  as  during 
ovulation.  There  did  not  appear  to  be  a  distinctive  pedicel 
region,  commonly  found  in  most  insect  ovarioles. 

The  terminal  filament  extends  from  the  anterior  tip  of 
the  germarium  and  is  separated  from  the  germarium  by  a  septum. 
The  filament  seems  to  function  only  for  suspension.  A  thin 
epithelial  sheath  surrounds  each  entire  ovariole  and  is  con¬ 
tinuous  over  the  calyx  region  and  the  terminal  filament 
(fig.  35;  EpSh).  The  structure  of  this  sheath  consists  of 
two  layers  of  flat  fibers,  one  layer  orientated  more  or  less 
at  right  angles  with  the  second,  giving  a  net-like  appearance. 
An  outer  basement  membrane  provides  a  covering.  Scattered 
among  the  fibers  are  numerous  oval  shaped  nuclei.  This  sheath 
is  capable  of  considerable  expansion  as  observed  during  egg 
development.  The  histological  studies  did  not  reveal  any 
tracheal  branches  deeper  than  the  inside  of  the  epithelial 
sheath.  In  addition  to  the  outer  epithelium,  there  was  s  ome 
evidence  for  the  presence  of  an  inner  ovariole  sheath  or  tunica 
propria . 

(vi)  Sperma theca ;  This  organ  is  for  sperm  storage  and  it  also 
controls  the  placement  of  spermatozoa  for  egg  fertiliza tion « 

It  consists  of  a  pump  organ  (SpthPm)  provided  with  compressor 
muscles  (CmpMcl)  and  a  sac  (SpthSa)  (figs.  35,  37) • 

When  the  reproductive  system  is  viewed  dorsally  the 
spermatheca  is  usually  seen  curved  to  the  right  of  the  median 
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oviduct  (figs.  20,  22A).  The  pump  organ  is  sclerolizod  and 
is  easily  recognized  in  the  abdomen.  It  forms  a  U-shaped 
capsule  and  its  sclerotiza tion  is  necessary  to  provide  the 
required  springiness.  As  its  tip  is  a  small  sclerotized 
projection  to  which  the  compressor  muscle  is  fixed.  This  band 
of  muscle  connects  to  the  basal  portion  of  the  capsule.  By 
contraction  and  expansion  it  can  effect  the  necessary  pumping 
action  to  eject  the  spermatozoa.  When  viewed  through  the 
microscope  the  pump  organ  displays  a  sculptured  pattern  (fig* 
36).  Hox^ever,  in  cross-section,  this  sculpturing  is  actually 
on  the  inner  surface  and  shows  up  as  a  series  of  small  ridges, 
particularly  noticeable  on  tne  posterior  half  of  the  capsule 
(fig.  37).  This  extra  sclerotization  may  be  necessary  to  allow 
bending  in  the  proper  plane.  A  thin  nucleated  epithelial  sheath 
(EpSh)  surrounds  the  pump  organ  (fig.  37)* 

Leading  posteriorly  from  the  pump  organ  is  the  sperma- 
thecal  duct,  which  passes  medially  between  the  copulatory  pouch 
and  the  median  oviduct  (figs.  21A,  23,  24)*  It  opens  into  the 
median  egg  tube  at  a  point  almost  directly  below  the  posterior 
end  of  the  vagina  (fig.  21A).  In  transverse  sections  the  duct, 
for  most  of  its  length  is  circular,  but  upon  entering  between 
the  muscle  layers  of  the  vagina  and  the  median  oviduct,  it 
becomes  flattened.  A  cross- section  of  the  duct  is  shown  in 
figure  23  and  consists  of  cells  arranged  radially  about  the 
central  passageway.  An  inner  lining  is  also  present.  Since 
no  muscle  fibers  were  found  on  the  duct  wall  this  aods  support 
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to  the  described  function  of  the  pump  organ.  In  addition,  It  is 
possible  to  eject  the  sperm  mechanically  through  the  sperma thecal 
duct  by  applying  pressure  on  the  pump  organ  with  a  pair  ol‘  forceps. 

The  sperma thecal  sac  joins  the  pump  organ  through  a  valve” 
like  opening  (figs.  33,  34,  37;  SpthVl).  The  histological 
studies  of  the  sac  revealed  it  to  be  thick  walled  with  many 
nuclei  and  spherical  openings  throughout  (figs.  33,  37).  This 
may  suggest  a  glandular  function. 

Hopkins  (191b)  named  the  pump  organ  in  D.  valen 3  the 
n sperma thecan  and  the  sac  portion  the  " sperma thecal  gland". 
Richmond's  (1935)  description  for  the  mountain  pine  beetle  sperma- 
theca  was  consistent  with  Hopkins'  except  that  he  termed  the  pump 
organ  the  ,f  sperma  thecal  sac".  However,  in  the  present  study  it 
was  appropriate  to  designate  the  pump  organ  and  the  sac  as  the 
spermatheca  proper.  This  terminology  is  based  on  the  fact  that 
spermatozoa  have  never  been  found  In  the  sac  without  also  being 
present  In  the  pump  organ  (figs.  33,  34,  37;  Spz).  Within  the 
pump  organ  the  spermatozoa  appear  to  be  oriented  longtitudinally 
with  respect  to  the  capsule.  The  exact  orientation  of  the  sperm 
heads  could  not  be  determined,  however,  they  seemed  to  point  both 
towards  and  away  from  the  sperma thecal  duct  opening.  The  sperm 
in  the  sac  occur  in  a  random  arrangement  (fig.  37)* 

(vii)  Egg  Formation:  Once  a  female  beetle  has  entered  the  inner 
bark  tissue  of  a  host  tree  her  feeding  Is  concurrent  with  gallery 
excavation.  During  the  first  few  days,  rapid  development  of  the 
ovaries  ensues  and  egg-laying  usually  begins  after  three  to  four 
days  of  successful  gallery  construction.  Egg-laying 
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usually  continues  until  the  beetle  is  disturbed  by  some 
environmental  or  physiological  factor.  For  maximum  develop¬ 
ment  of  the  ovaries,  several  factors  are  undoubtedly  necessary. 
Included  among  them  are  mating,  favorable  conditions  of  the 
host,  and  suitable  environmental  agencies  (Reid,  1958b,  1961, 
1962a,  1962b). 

In  a  newly  developed  female  the  ovaries  appear  as  in 
figure  19.  At  this  time  seven  to  nine  immature  oocytes  can 
be  distinguished  within  the  vitellarium.  As  feeding  commences, 
all  oocytes  begin  to  enlarge,  and  at  the  same  time  differentia¬ 
tion  of  young  oocytes  from  the  germarium  takes  place.  The 
ovarioles  soon  become  distended  and  may  appear  as  in  figure 
26  when  at  maximum  egg  production,  but  in  a  compact  configura¬ 
tion  as  in  figure  32.  The  oocytes  first  differentiated  are 
small  and  have  prominent  nuclei*  However,  enlargement  follows 
rapidly,  with  an  increase  in  both  cytoplasmic  and  nuclear 
substances.  Within  the  younger  egg  nuclei,  conspicuous 
nucleolar  bodies  occur  regularly  and  appear  to  be  strongly 
acidophilic.  Several  similar  but  smaller  stained  bodies  also 
were  present  in  the  nucleus.  The  latter  may  be  homologous  with 
the  ^emission  bodies*1  recorded  by  Schlottman  and  Bonhag  (1956). 

The  nuclei  of  most  of  the  immature  oocytes  maintained  a 
near  central  position  and  stained  lighter  than  the  surrounding 
cytoplasm  (figs.  31,  32).  As  the  egg  neared  maturity,  however, 
the  nucleus  could  be  found,  in  many  cases,  in  a  lateral  position, 
and  at  such  times  was  less  conspicuous.  Bonhag  (1958,  1959) 
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reported  a  similar  phenomenon  in  the  ovaries  of  Lhe  milkweed 
bug  and  American  cockroach*  A  median  position  is  demonstrated 
in  figure  35,  although  this  may  oe  a  rare  event* 

Once  the  developing  oocyte  reaches  a  certain  size,  the 
deposition  of  yolk  (Ylk)  takes  place  and  is  distinguished 
from  the  deeply  stained  cytoplasm  by  numerous  spherical  bodies 
figs.  32,  35).  kuch  of  this  yolk  material  is  believed  to  be 
mediated  through  the  follicular  epithelial  cells  (Schlottman 
and  Bonhag,  1956;  Bonhag,  1958,  1959).  According  to  these 
authors  the  egg  nucleus  undergoes  a  gradual  transformation 
during  oocyte  enlargement.  During  this  period  the  nucleus 
appears  to  serve  a  special  function  when  yolk  accumulation  takes 
place  and  it  has  been  termed  a  "germinal  vesicle'*.  This  term 
may  also  be  applicable  to  the  egg  nucleus  of  the  mountain  pine 
beetle*  The  changes  that  occur  during  nucleus  transformation 
are  complicated,  however,  and  the  exact  function  of  the  germinal 
vesicle  is  still  obscure* 

It  was  stated  earlier  that  a  follicular  epithelium  com¬ 
pletely  surrounds  each  yolk-filled  oocyte  until  the  time  of  its 
release  during  ovulation.  The  follicular  epithelial  cells  in 
the  anterior  half  of  the  ovariole  form  a  thick  layer  and  their 
cell  boundaries  are  indistinct.  Each  follicle  cell  is 
uninucleate  (fig.  35);  this  is  characteristic  for  all  follicular 
cells  of  the  vitellarium.  Usually,  the  epithelial  cell 
boundaries  of  the  last  one  or  two  follicles  become  distinct  as 
the  cells  become  squamous*  In  the  most  posterior  follicle  egg 
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enlargement  reaches  a  maximum  and  is  followed  by  the  secretion 
of  the  chorion,  a  product  of  the  follicular  cells  of  thut 
follicle.  The  chorion  forms  an  outer  investment  of  each  egg 
and  its  formation  marks  the  completion  of  a  developing  oocyte* 

Following  the  secretion  of  the  chorion,  the  cells  of 
the  last  follicle  break  down  and  their  nuclei  are  often  recog¬ 
nized  with  difficulty  (fig,  35)*  The  mature  egg  is  now  ready 
for  ovulation.  Each  egg  is  oval  shaped  and  measures  about  one 
millimeter  in  length.  The  outer  surface  of  the  chorion  is 
finely  sculptured* 

In  the  cockroach  ovariole,  Bonhag  (19^9)  listed  three 
known  functions  of  uhe  follicular  epithelium  and  they  may  all 
be  applicable  to  the  mountain  pine  beetle.  Thus  the  epithelium 
may,  (l)  act  as  a  mediator  for  chemical  substances  passing 
from  the  blood  to  the  oocyte,  serving  a  trophic  function,  (2) 
secrete  the  chorion  when  the  egg  has  reached  maturity,  and  (3) 
re  sorb  yolk  material  whenever  completion  of  egg  development 
fails  to  take  place* 

(viii)  Ovulation:  The  pathway  which  the  mature  oocyte  follows 
during  ovulation  begins  as  shown  in  figure  35*  At  the  base  of 
the  vitellarium  and  extending  a  short  distance  into  the  calyx 
region  is  the  so-called  epithelial  plug  (EpPlg).  It  appears 
to  be  composed  of  the  degenerative  follicular  epithelial  cells 
of  the  last  egg  follicle.  An  accumulation  of  this  cellular 
mass  occurs  after  each  ovulation  and  numerous  follicular  cell 
nuclei  can  be  recognized  within  it  (fig.  35)*  Soon  after  each 
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ovulation  the  follicular  cells  which  compose  the  epithelial 
plug  undergo  autolysis  (Wigglesworth,  1953;  Schlottman  and 
Bonhag,  1956)  so  that  the  cell  boundaries  become  indistinct. 

At  this  stage  the  cellular  mass  turns  a  bright  yellow  colora¬ 
tion,  and  as  such  it  is  recognized  as  the  corpus  luteum  (fig* 
35;  Clt).  Some  of  this  material  may  be  reabsorbed  by  the 
calyx  epithelium,  but  there  is  evidence  that  some  may  also  be 
discharged  out  through  the  egg  tube  in  front  of  an  ovulating 

egg* 

At  the  time  of  ovulation  the  mature  oocyte  ruptures  the 
epithelial  plug  or  corpus  luteum  and  enters  into  the  oviduct 
system.  The  oviduct  stretches  to  about  three  times  its  normal 
diameter  with  the  presence  of  an  egg.  The  oocyte  then  moves 
posteriorly  by  the  peristaltic  activity  of  the  oviduct  muscles. 
In  conjunction  with  peristalsis,  the  chitinous  intima  of 
spines  in  the  oviduct  may  be  an  important  aid  for  the  posterior 
movement  of  the  egg.  This  seems  especially  true  for  the 
posterior  end  of  the  egg  tube  where  greater  resistance  is  met 
with  the  dorsal  copulatory  pouch  and  thicker  muscle  tissue 
surrounding  the  terminal  portion  of  the  oviduct  (fig.  21A). 

Fertilization  is  believed  to  take  place  when  the  egg 
approaches  the  posterior  opening*  Hence  the  contraction  of 
the  spermathecal  pump  to  provide  spermatozoa,  must  be  synchro¬ 
nized  with  the  passage  of  the  egg  at  the  opening  of  the 
spermathecal  duct  (fig.  21A).  The  egg  is  then  ejected  from 
the  abdomen  through  the  genital  opening  and  deposited  in  a 
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specially  constructed  niche  on  the  lateral  margin  ol‘  the  egg 
gallery  (Reid,  1958b). 

According  to  Reid  (Ivi^ob),  the  egg  niche  is  excavated 
always  at  the  anterior  end  of  the  beetle's  gallery.  After  this 
the  female  must  back  down  the  gallery  to  a  point  where  she  can 
turn  around  and  then  proceed  backwards  toward  the  excavated 
niche.  These  events  signify  a  certain  warning  period  for 
ovulation  which  may  be  triggered  by  the  rupturing  of  the 
epithelial  plug.  However,  the  exact  mechanism  of  ovulation  in 
insects  is  not  understood  (Wiggle sworth,  1953)* 

A  few  females  were  removed  from  their  egg  galleries  at 
such  time  when  they  displayed  a  behavior  corresponding  to  one 
of  the  egg-laying  events  described  above.  Of  five  such  females 
examined,  four  contained  mature  oocytes,  one  each,  within  the 
median  oviduct  and  ail  showed  well  developed  ovaries.  This 
evidence  may  suggest  that  the  stimulus  to  construct  an  egg 
niche  is  received  well  in  advance  of  egg  deposition  and  that 
it  takes  a  few  minutes  for  the  mature  oocyte  to  pass  from  the 
last  follicle  into  the  calyx  region. 

The  normal  passage  taken  by  the  oocyte  during  ovulation 
is  apparently  from  the  posterior  end  of  the  median  oviduct, 
thence  through  the  genital  opening  (fig.  21A).  There  were  many 
occasions,  however,  when  instead  of  passing  to  the  exterior, 
the  egg  was  passed  dorsally  into  the  vaginal  region  and  uhen 
to  the  bursa  copulatrix.  The  morphological  features  described 
for  this  dorsal  diverticulum  suggest  that  once  within  this 
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pouch  that  the  egg  cannot  be  released  In  normal  condition « 

To  begin  with,  the  dorsal  rows  or  spines  within  t-ho  vagina, 
in  combination  with  the  musculature  oi‘  that  region  probably 
have  a  destructive  elTect  and  are  orientated  to  restrict 
posterior  movement.  Furthermore,  the  spiny  plates  or  the 
bursa  copula trix  plus  us  strong  musculature  ana  oasal  con¬ 
striction  all  appear  to  point  to  an  inevitable  rate  of  the 
oocyte.  The  spiny  sclerites  are  probaoly  responsible  lor  the 
rupturing  of  the  chorion  since  they  can  operate  with  a  rasping 
action.  Finally,  the  appearance  o±  egg  membranes,  yolk, 
remnants  of  sperms tophores,  and  spermatozoa  was  of  common 
occurrence  in  the  female  accessory  glands  and  it  is  a  combina¬ 
tion  of  this  material  which  accounts  for  much  of  their  increased 
volume.  The  elongated  spines  surrounding  the  accessory  gland 
opening  probably  do  justice  in  keeping  the  contents  within  and 
may  help  in  its  maceration.  On  occasions  as  many  as  seven 
distinctive  chorion  membranes  have  been  extracted  from  both 
glands.  In  another  instance  six  sperma tophores  were  found  in 
the  female  reproductive  system,  one  in  the  vagina,  four  in  one 
accessory  gland,  and  one  in  the  opposite  gland.  This  occurred 
when  a  few  females  were  stored  with  fresh  bark  chips  and  with 
a  greater  proportion  of  males. 

Previous  workers  have  termed  the  female  accessory  glands 
"colle  terial’f  (Richmond,  1935;  Reid,  1938a).  However,  the 
histological  findings  cited  above  do  not  support  a  colleterial 
function  for  these  glands  in  D.  mon tieolae .  Instead,  the 
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accessory  glands  appear  to  operate  in  conserving  valuuble 
nutrient  material  and  thus  may  function  in  a  reabsorbing 
capacity. 

No  complete  explanation  can  be  given  for  the  oorsal 
passage  of  the  mature  oocyte,  rather  than  via  the  normal 
posterior  route*  In  observation  plates  where  the  bark  tissue 
was  allowed  to  dry  rapidly  after  a  female  had  reached  the 
egg-laying  stage,  it  was  observed  that  her  accessory  glands 
invariably  contained  a  yollc-like  substance  and  chorion  membranes 
as  well.  This  material  appeared  to  accumulate  at  variable  rates 
and  was  often  in  one  gland  more  than  in  the  other.  Furthermore, 
if  the  female  was  left  for  several  days  before  examination,  much 
of  the  accessory  gland  contents  transformed  to  a  yellow  oily 
liquid  which  usually  separated  from  the  rest  of  the  gland 
material.  This  condition  appeared  regularly  in  egg-laying 
females  taken  from  infested  logs.  When  dissected  in  water  or 
physiological  saline  the  yellow  fluid  was  immiscible  with  these 
solutions  and  floated  over  the  surface*  The  presence  of  this 
yellow  material  may  suggest  that  autolysis  has  taken  place* 

Rapid  drying  of  the  host  tissue  may  be  one  of  several 
means  by  which  egg  production  is  abruptly  halted.  According 
to  Reid  (1962b),  if  an  egg  producing  female  is  disturbed  by 
an  abnormal  change  of  environmental  factors,  she  usually 
responds  by  ceasing  feeding  and  gallery  construction*  If  this 
occurs  when  fully  matured  oocytes  are  present  in  the  vitellarium, 
these  eggs  may  be  involuntarily  discharged  into  the  oviduct 
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system.  Since  there  are  no  egg  niches  present  for  deposition 
the  normal  pattern  of  activity  is  inteijupted,  hence  the  egg 
is  kept  internal.  Another  possible  explanation  may  result 
from  disturbance  by  the  male.  It  was  observed  in  the  observa¬ 
tion  plates  that  the  male  often  interferred  with  the  female 
when  she  was  backing  up  during  an  egg-laying  period.  Any  such 
delay  in  egg  deposition  might  conceivably  lead  to  the  dorsal 
movement  of  the  egg  into  the  copula tory  chamber. 

(ix)  Changes  in  female  reproductive  organs:  Reid  (1962b) 
described  the  general  conditions  of  the  ovaries  and  sperma theca 
and  noted  the  presence  of  corpora  lutea  in  female  adults  through¬ 
out  their  life  cycle.  The  present  morphological  study  reveals 
no  major  changes  except  at  the  cellular  level,  A  comparison 
between  the  nuclei  of  a  newly  developed  female  germarium  and 
for  an  egg-laying  female  has  already  been  mentioned.  Although 
most  ovaries  of  the  overwintering  females  showed  much  reduction, 
the  accessory  glands  were  usually  filled  as  in  figure  20, 

Mine  such  females  examined  showed  enlarged  accessory  glands 
and  all  glands  displayed  a  yellow  coloration, 

(d)  MATING  PROCESS 

The  mating  behavior  of  the  mountain  pine  beetle  was 
adequately  described  and  illustrated  by  Reid  (1958b).  To  add 
to  his  description  the  following  internal  details  were  observed 
and  may  explain  the  behavior  pattern  during  mating* 

While  mating  the  male  is  usually  upside  down  relative  to 
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the  female  (fig.  1).  This  position  seems  necessary  when  one 
considers  the  internal  structure  of  the  copulatory  pouch  and 
the  p  o  sit  ion  of  the  male  gonopore  (fig.  11+).  Measurements  of 
the  male  and  female  genitalia  reveal  that  the  male  intromitt- 
ont  organ  does  not  extend  into  the  bursa  copulatrix  during 
coitus;  the  posterior  tip  of  the  internal  sac  extends  only  to 
the  bursa  sclerites.  Furthermore ,  it  appeared  that  the  sac 
is  fully  everted  only  when  within  the  female  vagina.  Figure 
2I4A  shows  the  vaginal  pouch  with  a  median  depression  into  which 
the  median  lobe  of  the  male  internal  sac  fits,  the  lateral 
lobes  project  laterally  and  thus  secure  a  fixed  position  until 
the  male  secretion  product  has  been  deposited.  When  in  the 
upside  down  position  the  dorsally  located  male  gonopore  can 
then  eject  the  sperma tophore  ventrally  in  the  female,  deposit¬ 
ing  it  in  the  median  groove  of  the  vagina.  This  position  is 
in  close  contact  with  the  spermathecal  duct  opening  to  which 
the  spermatozoa  migrate*  An  examination  of  females  immediately 
following  mating  revealed  the  spermatophore  in  the  position 
described. 

When  the  mating  process  was  observed  under  magnification 
a  series  of  wave- like  motions  could  be  detected  through  the 
connecting  membrane  of  the  male  genital  organ.  These  motions 
were  probably  a  result  of  the  contraction  of  the  ejaculatory 
duct.  In  one  observed  mating  which  lasted  for  about  one  minute, 
more  than  20  such  contractions  were  recorded.  During  each 
contraction  seminal  fluid  is  ejected  posteriorly,  the  sum  total 
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ol’  which  is  deposited  as  a  single  mass  for  which  the  tern 
sperma tophore  has  been  used* 

From  the  vagina  the  sperma tophore  may  enter  the  bursa 
copulatrix  inhere  it  has  often  been  found.  Williams  (1945) 
recorded  the  presence  of  a  pair  of  chitinous  plates  on  the 
walls  of  the  bursa  copulatrix  in  two  elaterid  species.  He 
suggested  that  these  may  be  used  to  rupture  the  sperma tophore . 
The  bursa  sclerites  of  the  mountain  pine  beetle  may  function 
similarly.  Following  the  release  of  spermatozoa  it  appears 
that  the  sperma tophore  is  ultimately  forced  into  one  of  the 
accessory  glands. 

No  attempt  was  made  to  determine  the  period  of  time  re¬ 
quired  for  the  spermatozoa  to  reach  the  sperraatheea  but  it  is 
believed  to  be  a  matter  of  a  few  minutes.  Fran eke- Grosmann 
(1950)  suggested  that  in  D.  miesns  the  pump  organ  may  act  both 
ways,  ie.,  the  sperma theca  is  filled  and  emptied  by  pumping. 
Perhaps  the  musculature  of  the  median  oviduct  and  vagina,  which 
surrounds  much  of  the  spermathecal  duct,  aid  the  movement  of 
spermatozoa  into  the  spermatheca. 

DISCUSSION 

In  the  evolution  of  the  reproductive  organs  of  the 
mountain  pine  beetle  there  appears  to  have  been  a  trend  toward 
both  specialization  and  simplification.  In  male  beetles  the 
features  which  are  indicative  of  simplification  are  the  complete 
lack  of  external  accessory  structures  of  an  appendicular  nature. 
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a  probable  reduction  in  the  number  of  testicular  follicles,  and 
the  reduced  vasa  efferentia.  The  sperma tophore  appears  to  be 
a  simplified  type. 

In  general,  the  genital  organ  and  Its  accessory  sclerite3 
and  complicated  musculature  are  suggestive  of  specializations. 

The  funnel  mechanism  and  accessory  gland  arrangement  may  be 
peculiar  to  several  genera  of  bark  beetles.  Finally,  the 
position  described  for  mating  is  identical  with  the  position 
observed  for  D.  micans  (Francke-Grosmann ,  1950)  and  may  be  a 
special  modification  for  gallery  constructors. 

For  the  female  beetle  a  loss  of  all  accessory  sclerotiza- 
tions  of  the  posterior  abdomen  and  a  reduction  in  the  number  of 
ovarioles  are  simplifications.  The  structure  of  the  bursa 
copulatrix  and  its  sclerites  when  considered  in  view  of  their 
functions,  may  be  a  modification  toward  specialization.  Further¬ 
more,  at  least  part  of  the  functions  of  the  bursa  copulatrix 
are  closely  allied  with  the  peculiarities  observed  in  the 
accessory  glands.  The  gland  structures  may  also  have  undergone 
specialization  since  no  analogous  situation  for  other  insects 
was  found  in  the  literature,  however,  few  intensive  studies  of 
both  male  and  female  accessory  glands  have  been  undertaken. 

Several  authors  including  Krause  (1946),  Bryan  ( 1954) j 
and  Schlottman  and  Bonhag  (1956)  have  described  Polyphagan 
ovarioles  and  all  were  found  to  be  telotrophic.  The  work  of 
Schlottman  and  Bonhag  is  especially  significant  since  they  pointed 
out  many  of  the  differences  between  the  typical  telotrophic 
ovariole  of  a  hemipteran  insect  and  a  telotrophic  beetle 
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(Tene  brio  moll  t.  or ) .  In  addition,  the  histological  structure  of 
the  mountain  pine  beetle  ovariole  shares  many  similarities  with 
the  condition  observed  in  T.  molltor  and  in  Fopillus  dlsjunctus 
Illiger  and  liacrodactylus  subsplnosus  (Fab.)  by  Bryan  (1954). 
Although  typical  nutritive  cords  were  not  observed  in  D. 
monticolae  it  is  quite  definite  that  the  apical  cells  of  the 
germarium  are  trophocytes  rather  than  oogonia.  According  to 
Bonhag  (1958)  this  is  the  criterion  used  to  distinguish  the 
telotrophic  ovariole  from  the  panoistic  type.  It  is  fairly  clear 
that  the  bariv  beetle  ovary  is  telotrophic  or  a  modification  of 
that  type.  Bonhag  also  pointed  out  that  the  nutritive  cords  of 
the  Polyphagan  telotrophic  ovariole  are  generally  inconspicuous 
and  may  even  be  missing  in  some  species. 

The  term  colleterial  gland  has  been  widely  used  by  many 
workers  (Hopkins,  1915;  Schedl,  1931;  Richmond,  1935;  Chapman, 

1958;  and  others)  to  designate  the  female  accessory  glands  in 
bark  beetles.  However,  this  terminology  does  not  appear  justi¬ 
fied,  and  since  these  glands  are  common  in  bark  beetles  they  may 
well  function  as  described  for  the  mountain  pine  beetle* 

The  studies  of  the  female  reproductive  system  and  the  be¬ 
havior  of  the  adult  female  during  egg-laying  and  gallery  con¬ 
struction  revealed  several  characteristics  in  which  fecundity  may 
be  strongly  influenced.  To  begin  with  a  small  and  variable 
number  of  eggs  is  laid,  with  an  average  of  75  eggs  per  egg  gallery 
(Reid  19b2b).  Secondly,  egg- laying  is  often  spread  over  a  lengthy 
period  with  each  egg  laid  singly  and  more  or  less  at  specified  in¬ 
tervals  along  the  gallery.  It  was  earlier  noted  that  the  egg-laying 


•••-  '• . , 


XVJX/ 

i  a 

L  :  3 

l;:-r 

i:  ri 

, 

. 

’  -TO 

/I 

0  •  ft 

o  Z'i 

Li:.:.  :.x.:_ ) 

:  "  i  *: 

...  ..[ 

Y  IB  ! 

2  •’  .:  I  3 

xfx  xl  •  xx 

V  X 

3 1  3  0(1 

0  • 

•  :X.f  '  t-V (0 

/ 

_  ;;;• 

.  x 

j  ell 

» 

J9'  x: 

j- 

i:  ox 

•0  ©.'{  j 

n 

♦ 

i  '  .  i  .  •  i 

0X3 

ox. 

■  Li 

ft 

9  GV 

”.L  :  /  •  V  U  •  f  .> 

ODD  phlX!' 

~>V£  3  ■  071/ 

' 

xx;x.  X  1  <1 

9fi:i 

3 II 

j:i  . 

Z  '  ,  0  ■. •  ; 

3  z:.\j  exixx: 

i  ‘tO: 

o  IjO 

j; 

rX. 

m,  JL  .  ,  ... 

o  i  • 

10.0 

0 . 

. 

.  0  f.i 

:xuX  XX.Xj  X 

8  i3  0.'  V')Ci 

'  >r±j 

•  .'i  e 

■J  ‘ 

■ ..  oxix; 

Xj  • 

'  X  J 

'  X  L  ■  0  j' 

ox  IJ 

xi: x  J  '  -i 

•'j  x.;,i  j  s.I 

aiP.j 

( 

x 

I; 

x  t;  xfXioS 

* 

0  £  J 

-  X  )  XX 

1  3  GJ. 

70 

0... 

‘io 

;  j  .  o 

DO  f! 

a  fxo  I 

i.xiq 

■  3'  -X  1,  3  H  £ 

v"  f 

•■VO  ...I 

X  0  >0 

■.?;  Bj 

of; 

..  or:  j 

a  o-xc 

)  o 

v/  : 

■ 

■>J .  I  J  X  . 

■  oil 

jJx  1  x  „ 

J.O  . 

O  X:  I  : 

;nexir. 

0 

0 

Q  v» 

<  8.x  j 

s.i  ;  J 

!  .  ■  >ni 

qj  i. 

•v.;,  ox  ox 

'  :  .  Ixxxii  vo  9 x  '•  r:  ‘x  j  x 

o  .  e.d:x 

©1.  ■  X  Xv  ■;  X 

B.,.:  0X6 

XJfIB 

J.  i  "v,  i  3G3U 

"  Bi;.  ;  r  .  X  Oil  Zoo 

o.  ,y  ox. : 

ft 

•XX'  ■ 

, 

x  xx  xi  o 

,  : 

•  • 

•I  X'x;::x; 

•.  ■>.:•.  L- 

u  ■  0  X  9 

i  ..  :  .  XX.  ,:j  "X .  X  G  :•:■  X.  ..  : 

0.  .  '0X0  XX 

:  YI 

-■ 

X  ■  ,  6 

j  ..j  ; 

8  00  X 

3  .  .  X  '  .. 

. 

•  1.x  .0 

■•■■  •  j  y: 

ori  i  asll  ^ 

■.  i  .t  1 

,:o  ,  nx 

ax.-,  i  .  3  :>  8x  0  xo a.  I;;.  .xi:. 

xOxX;.. 

- 

:-'x. 

%  . 

B  XX'.j.xx; 

f  ,:X.  i 

•  ... 

-  ■  "  :  0 

J  '■  ■  ...  I  X,  ;■  X  01  x  ■'  '  C 

8  00  8  '0.rfi 

- 

■'  ;  .-X  •  i.  ..L  B  •, 

•j  rx 

r ..  j 

f i"  X  1  ■  Z  ; 

'o  0!  ..<  j.O 

io.l:  ' il 

'x:iw, 

■  L  n  •> 

:  ,  ■.  J  :  x  o  ox:  v  :o  .•  i 

■uv  'I  3 

©I  •  •£  •••'•. 

.C  ' 

. 

•  -  V  • 

•  :  B  . 

r-»  •  .. 

.  .X- 

jXXV 

8  f , 

-*• 

B  'I  X.  JO  jg 

0  i  t 

« 

*  <  JL  , .  ) 

e  > 

.!.  rS...‘ 

0  .  ..  ■  vi  .  .L  .. 

j .  .'X- 

„t  -I  - 


, 


'  !  X  X  >-■  '  '  i  ■ 


n 


-  59  - 


female  is  easily  interrupted  and  a  rapid  decline  in  oviposition 
follows.  Robertson  (19bl)  has  suggested  chat  Lhe  small  number 
of  ovarioles  may  indicate  a  low  reproductive  potential  which  in 
turn  may  reflect  a  somewhat  sneltered  existence  and  easy  access 
to  food  for  Dark  beetles  generally.  In  addition,  many  fully 
matured  oocytes  never  reach  the  exterior  of  the  abdomen  but  are 
ultimately  autolyzed  in  the  accessory  glands. 

SUKMARY 

1.  The  male  reproductive  system  consists  of  the  follow¬ 
ing  structures:  There  are  two  testes,  each  with  six  follicles 
and  two  vasa  efferentia.  A  vas  deferens  which  functions  partly 
as  a  seminal  vesicle,  extends  from  each  testis  to  the  accessory 
gland  region.  Two  pairs  of  accessory  glands  are  described  and 
good  eviaence  exists  for  a  third  pair.  All  glands  feed  into  the 
ejaculatory  duct  at  the  same  point.  The  median  ejaculatory  duct 
fastens  posteriorly  onto  the  internal  structure  of  rhe  genital 
organ.  This  accessory  structure  and  a  spicule,  tegrnen,  internal 
sac  and  other  associated  membranes  and  musculature  form  an  integral 
part  of  rhe  complicated  copula tory  organ. 

2.  The  operation  of  internal  sac  eversion  is  outlined  on 
the  basis  of  the  muscles  and  their  attachments  on  the 
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copula tory  organ.  When  lully  everted  the  internal  sac  consists 
oi  two  lateral  lobes  and  a  larger  median  lobe}  all  are  mernbran- 
ous  and  each  carries  an  armature  of  spicules.  A  capsule-like 
structure  at  the  tip  of  the  median  lobe  is  believed  to  be 
sensory  and  perhaps  also  glandular  in  function* 

3.  The  female  organs  of  reproduction  consist  o£  two 
ovaries,  each  with  a  pair  of  telotrophic  ovarioles,  a  pair  of 
short  lateral  oviducts,  a  longer  median  oviduct,  a  dorsal 
copula tory  pouch  consisting  of  vagina  and  bursa  copulatrix,  a 
pair  of  accessory  glands,  and  a  spermatheca. 

4*  Each  ovariole  has  a  terminal  filament  for  suspension, 
an  outer  epithelial  sheath  covering,  and  is  divided  into  three 
zones;  germarium,  vitellarium,  and  calyx.  The  germarium 
contains  two  sizes  of  densely  packed  nuclei;  the  larger  ones 
are  most  numerous  and  are  probably  trophocytes.  The  smaller 
nuclei  may  be  the  precursors  for  the  pref ollicular  epithelium.. 

A  sharp  transition  zone  divides  the  germarium  from  the 
vitellarium;  the  latter  contains  the  developing  oocytes 
surrounded  by  follicular  epithelium.  Each  oocyte  with  its 
layer  of  follicular  cells  is  an  egg  follicle,  and  in  the  last 
and  largest  follicle  of  the  vitellarium,  a  chorion  membrane  is 
secreted  by  the  follicular  epithelial  cells.  An  epithelial 
plug  or  corpus  luteum  separates  the  vitellarium  from  the 
muscular  calyx. 

5.  The  oviducts,  vagina,  and  bursa  copulatrix  are  all 
muscular  tubes.  A  pair  of  sac-like  accessory  glands  open 
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laterally  into  the  vagina.  Short  sp.nes  occur  on  the  inner 
lining  oi'  the  median  oviduct,  tho  inner  dorsal  lining  ol*  tho 
vagina,  and  larger  spines  surround  the  opening  into  the 
accessory  gland.  Two  spiny  sclerites  are  also  present  on  the 
inner  lining  of  the  basal  bursa  copulatrix. 

6.  The  sperma theca  opens  into  the  posterior  end  of 
the  median  oviduct  and  consists  or  a  pump  organ  and  a  sac. 

The  purap  and  sac  store  the  spermatozoa  and  constitute  the 
spennatheca  proper.  A  glandular  function  has  also  been 
suggested  for  the  sperma thecal  sac.  The  pump  organ  is 
connected  to  the  median  oviduct  by  a  short  non-muscular  duct. 

7*  Evidence  is  provided  that  suggests  a  reabsorbing 
function  for  the  female  accessory  glands.  Egg  contents,  sperm, 
and  sperma t op hores  have  been  found  in  these  glands  where 
autolysis  appears  to  take  place.  In  addition,,  the  bursa 
copulatrix  and  its  sclerites  seem  to  function  partly  in  con¬ 
junction  with  the  accessory  glands. 

8.  During  mating  a  sperma tophore  is  deposited  in  the 
female  vagina  and  consists  of  spermatozoa  plus  secretions  from 
at  least  two  of  the  paired  male  accessory  glands. 
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PLATE  1 


Pig*  1.  Lateral  viextf  of  the  abdomen  and  me ta thorax 
of  a  male  and  female  beetle  showing  the  typical(  mating 
position  and  the  general  location  of  the  reproductive 
organs  within  the  body  cavity.  Abd,  Abdomen;  AcGl, 
Accessory  Gland;  Metath,  Meta  thorax;  Qv*  Ovaries;  Preph, 
Prephragma;  S,  Sternum;  SusLig,  Suspensory  Ligament;  T, 
Tergum;  Tes,  Testis*. 
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PLATS  2 


Fig.  2.  Ventral  view  of  tne  male  reproductive 
system  showing  the  usual  resting  position  of  the  copula tory 
organ  and  posterior  attachments.  The  testes  and  accessory 
glands  have  been  spread  out  somewhat©  Abd,  Abdomen; 
AcGl(a),  Accessory  Gland (a);  AcGl(b),  Accessory  Gland  (b); 
Anus;  Apod,  Apodeme;  EjD,  Ejaculatory  Duct;  GenOp,  Genital 
Opening;  Mcl,  Muscle;  Pen,  Penis;  S,  Sternum;  SmlD,  Seminal 
Duct;  Smlv,  Seminal  Vesicle;  Spcl,  Spicule;  T,  Tergum;  Tes, 
Testes;  Tgm,  Tegmen;  Vd,  Vas  deferens© 
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PLATE  3 


Pig*  3*  Longtitudinal  section  through  a  testis 
showing  distribution  of  germ  cells,  the  follicles,  and 
associated  ducts,  CytoPr,  Cytoplasmic  Process;  EpSh, 
Epithelial  Sheath;  Pol,  Follicle;  Nuc,  Nucleus;  Sep, 
Septum;  Smlv,  Seminal  vesicle0,  SpCst,  Sperm  Cyst;  Spz, 
Spermatozoa;  Pd,  Vas  deferens;  Ve,  Vas  e^ferens* 
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PLATE  4 

Pig.  4*  Longtitudinal  view  of  all  accessory  glands 
and  associated  ducts  of  the  male  reproductive  system* 

AcGl(b)  and  the  funnel  mechanism  are  represented  diagramati- 
cally.  The  plane  of  view  for  figs.  5,  8,  9,  and  10  is 
indicated.  AcG-l(a),  Accessory  Gland  (a);  AcGl(a)Fl, 
Accessory  Gland  (a)  Fluid;  AcGl(b),  Accessory  Gland  (b); 

Fun,  Funnel;  Srald,  Seminal  Duct;  Smlv,  Seminal  vesicle;  Vd, 
Vas  deferens;  X,  Unknown  structure*. 

Fig*  5©  Transverse  section  through  the  duct  of 
AcGl(a),  the  vas  deferens,  and  through  X- structure ,  showing 
cellular  structures  and  contents*  AcGl(a)D,  Accessory 
Gland  (a)  Duet;  AcGl(a)Fl,  Accessory  Gland  (a)  Fluid;  Spz, 
Spermatozoa;  Vd,  Vas  deferens;  X,  Unknown  structure;  XFI, 
Fluid  of  unknown  structure* 
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PLATE  5 

Pig.  6.  Enlarged  view  of  a  section  through  the  testis 
follicle  showing  the  various  nuclei;  Eelafield’s  hematoxylin 
with  eosin.  Sep,  Septum;  Spz,  Spermatozoa.  T) 00, 

Pig.  7»  Similar  view  of  the  testis  follicle  as  in  fig 
6,  showing  nuclei  of  different  sizes;  Eelafield’s  hematoxylin 
with  eosin.  EpSh,  Epithelial  Sheath;  Spz,  Spermatozoa.  X300. 

Pig.  8.  Longtitudinal  section  through  AcGl(b)  showing 
the  gland  structure  and  funnel  portion;  Eelafield’s  hematoxyli 
with  eosin.  AcGl(b),  Accessory  Gland  (b);  Pun,  Punnel;  Hue, 
lucleus.  X}00, 

Pig.  9*  Transverse  section  through  AcGl(b)  showing 
the  central  tri-duct  system  which  leads  into  the  funnel; 
Delafield's  hematoxylin  with  eosin.  AcGl(a)E,  Accessory 
Gland  (a)  Euct;  AcGl(b),  Accessory  Gland  (b);  Vd,  Vas  deferens 
X,  Unknown  structure.  X139* 

Pig.  10.  Transverse  section  through  AcGl(b),  but 
slightly  posterior  to  the  section  in  fig.  9»  The  large  single 
median  duct  is  the  funnel  filled  with  fluid  of  the  accessory 
glands  and  spermatozoa;  Eelafield’s  hematoxylin  with  eosin. 
AcGl(b),  Accessory  Gland  (b);  Pun,  Punnel.  X130. 
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Figure  9 
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PLATE  6 

Pig,  X1A,  B,  C,  D,  and  E.  Drawings  of'  the  male 
copulatory  organ  in  various  aspects.  Pigs,  A,  B,  and  C 
specifically  show  ail  sclerotized  parts  while  figs,  D  and 
E  illustrate  most  of  the  musculature.  All  structures  are 
illustrated  in  the  normal  resting  position,  Anch,  Anchor; 
Apex;  Apod,  Apodeme;  BOr,  Basal  Orifice;  LPen,  Lateral  fold 
of  Penis;  M  -  M-q  inclusive,  specific  muscles;  Ost,  Ostium; 
Pen,  Penis;  SensPen,  Sensory  spines  on  Penis;  SmlRd,  Seminal 
Rod;  Spcl,  Spicule; 'Teg,  Tegmen, 
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PLATE  7 

Fig.  \Zk  and  B.  Longtitudinal  ventral  view  of  the 
posterior  male  abdomen  showing  the  musculature  and  accessory 
sclerites  of  the  copula tory  organ  when  in  the  mating 
position.  Note  penis  external  to  the  abdomen,  spicule 
remains  stationary,  the  tegmen  is  pulled  to  a  posterior 
position,  Mg  is  fully  expanded,  and  fully  contracted# 

Fig.  B  is  an  enlarged  cross  sectional  vieitf  of  the  ejaculatory 
duct#  Apod,  Apodeme;  GMcl,  Circular  Muscle;  ConnMm  ,  first 
Connecting  Membrane;  EjD,  Ejaculatory  Duct;  Ml>  M2>  %> 

Mg,  My,  Mg,  M^,  ,  specific  muscles;  Pen,  Penis;  S, 

Sternum;  SmlD,  Seminal  Duct;  Spcl,  Spicule;  T,  Tergura; 

Tgm,  Tegmen. 
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PLATE  8 

Pig.  13«  Dorsal  view  of  the  male  copulatory  organ 
extended  for  the  mating  position.  The  internal  sac  is 
fully  everted.  Note  the  position  of  the  gonopore, 
internal  muscle  attachments,  and  spiny  armature  of  the 
membranous  lobes  of  the  internal  sac*  Apod,  Apodeme; 
ConriMm^,  first  Connecting  Membrane;  EjD,  Ejaculatory  Duct; 
Gpr,  Gonopore;  IntSa,  Internal  Sac;  LLb,  Lateral  Lobe  of 
internal  sac;  LPen,  Lateral  fold  of  Penis;  M^, 

internal  muscles  of  penis;  MLb,  Median  Lobe  of  internal  sac 
Pen,  Penis;  SralRd,  Seminal  Rod;  T,  Tergura0 


IntSa 


0.2  mm, 


Figure  13 
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PLATE  9 


Pig*  14*  Lateral  view  of  the  male  copulatory  organ 
external  to  the  abdomen  and  with  the  internal  sac  fully 
everted.  Note  the  terminal  muscle  attachments,  the  lack  of 
spiny  armature  on  the  terminal  and  ventral  side  of  the 
median  lobe,  position  of  the  gonopore,  and  the  Y-  structure. 
The  internal  accessory  apparatus  is  not  outlined*  Abd, 
Abdomen;  Apod,  Apodeme;  ConnMm  ,  first  Connecting  Membrane; 
Gpr#  Gonopore;  IntSa,  Internal  Sac;  LLb,  Lateral  Lobe  of 
internal  sac;  LPen ,  Lateral  fold  of  Penis;  M^]_>  M^>,  internal 
muscles  of  penis;  MLb,  Median  Lobe  of  internal  sac;  Pen, 
Penis;  S,  Sternum;  T,  Tergura;  Y,  Unknown  structure  of 


internal  sac*. 
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Figure  14 
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PLAEB  10 

Pig.  15 •  Cross  section  through  the  Y- structure 
showing  its  position  within  the  penis  organ.  Cut,  Cuticle; 
IntSa,  Internal  Sac;  Pen,  Penis;  Y,  Unknown  structure  of 
internal  sac*. 

Fig.  16 .  Transverse  section  through  the  penis  organ 
at  a  near  median  plane,  showing  the  ejaculatory  duct 
attachment  to  the  internal  accessory  apparatus  and  the  gland 
substance  composed  primarily  of  AcGl(a)Fl.  AcGl(a)Fl, 
Accessory  Gland  (a)  Fluid;  Arm,  Arm  of  anchor;  Cut,  Cuticle; 
EjD,  Ejaculatory  Duct;  IntSa,  Internal  Sac;  SmlRd,  Seminal 
Rod  « 

Fig.  17A  and  B.  Ventral  and  lateral  views  of  the 
internal  accessory  apparatus  of  the  male  genitalia  *  Anch, 
Anchor;  Arm,  Arm  of  anchor;  Ejd,  Ejactulatory  Duct;  Gpr, 
Gonopore;  SmlRd,  Seminal  Rod# 

Fig.  18.  Top  and  side  views  of  a  sensory  spine  of 
the  penis  organ.  Cut,  Cuticle;  SensPen,  Sensory  spine  of 
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PLATE  11 

Pig.  19*  Ventral  view  of  a  newly  developed  female 
reproductive  system  with  posterior  attachments  to  the 
abdominal  segments.  Abd,  Abdomen;  AcG-1,  Accessory  Gland; 
Anus;  Clx,  Calyx;  Bcopx,  Bursa  copulatrix;  GenOp,  Genital 
Opening;  LQvd,  Lateral  Oviduct;  MOvd,  Median  Oviduct;  Ov, 
Ovary,  Ovl,  Ovariole;  S,  Sternum;  Spth,  Spermatheca* 
SusLig,  Suspensory  Ligament;  T,  Tergum* 
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Figure  19 


-  V'L  - 


<  r  :  ;  Oj.M  '•/  “  (  r  ' 

• 

0  • 

. 

f>  ■  •>.;  r r  • 

■  •  • 

•  r 

X  iJ 

t ;±  !",^00  r . 'if.  r 

. 

■  '  .  C  .r  oo  crsi.r 

. 

Oi  IV  • 

f  -r  ;  "v i 

f  '  ’  *. 

. 

; r 

• 

t  t 

:  ’  ~ 

.  •  •'  : 

;  o.  f  {-  ■ 

'  <  ' 

;  i  r  . 

: 

.  ’ 

: 

• 

.  :  .  oc 

. 

. 

l 

; 

j  '  .  '  :  ' 

-  so  - 


PLATE  12 

Fig,  20 o  Dorsal  view  of  a  mature  female  reproductive 
system  collected  in  the  overwintering  stage 0  Note  nearly 
mature  oocytes  in  the  vitellarium,  accessory  glands  filled 
to  capacity,  and  the  bursa  copula trix  is  turgid,  A  substance 
which  is  likely  yolk  material  is  present  in  the  vagina  and 
calyx  regions,  Abd,  Abdomen;  AcGl,  Accessory  Gland;  Clx, 
Calyx;  Bcopx,  Bursa  eopulatrix;  Fol,  Follicle;  Germ, 
Germarium;  LOvd,  Lateral  Oviduct;  MOvd,  Median  Oviduct; 

Ooc,  Oocyte;  Ov,  Ovary;  Spth,  Sperma theca;  SusLig,  Suspensory 
Ligament;  T,  Tergum;  Vag,  Vagina;  Vit,  Vitellarium,, 
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PLATE  13 


Pig,  21A  and  B,  Lateral  view  of  the  abdomen  in  a 
near  median  plane,  showing  the  posterior  attachment  of  the 
female  reproductive  system  *  Note  the  thickened  musculature 
at  the  posterior  end  of  the  median  oviduct  and  vagina  and 
the  opening  of  the  sperma thecal  duct®  The  genital  opening 
is  continuous  with  the  vagina  and  the  median  oviduct. 

Pig.  B  is  an  enlargement  of  the  external  sensory  spine s# 
Anus;  Bcopx,  Bursa  copulatrix;  Cut,  Cuticle;  GenOp,  Genital 
Opening;  Lum,  Lumin ;  Mel,  Muscle;  MOvd ,  Median  Oviduct;  Rec 
Rectum;  S,  Sternum;  SensAbd,  Sensory  spines  on  Abdomen; 
SpthD,  Sperma  thecal  Duct;  T,  Tergum;  Vag,  Vagina#. 


Figure  21 
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PLATE  14 

Pig.  22A  and  B.  Dorsal  view  of  the  bursa  copulatrix 
and  associated  structures.  Note  the  assymmetry  of  the 
bursa  copulatrix  and  sperraa theca ,  and  the  constriction  and 
spiny  sclerites  at  the  base  of  the  bursa.  Pig.  B  is  an 
enlarged  lateral  view  of  the  spiny  sclerite*  AcGl, 
Accessory  Gland;  Bcopx,  Bursa  copulatrix;  Clx,  Calyx;  LOvd, 
Lateral  Oviduct;  MOvd,  Median  Oviduct;  Scl,  Sclerite  of 
bursa  copulatrix;  Spth,  Spermatheca;  Vag,  Vagina* 


0.2  mm 


Figure  22 
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PLATE  15 


Pig,  23.  Transverse  section  of  the  median  oviduct, 
bursa  copulatrix,  and  sperma thecal  duct*  Note  the 
muscular  arrangement,  convolutions  of  the  median  oviduct, 
and  membrane  and  sclerites  of  the  bursa  copulatrix*  Bcopx, 
Bursa  copulatrix;  CMcl,  Circular  Muscle;  LnMcl,  Longtitudinal 
Muscle;  Lum,  Lumin;  Memb,  Membrane;  MOvd,  Median  Oviduct; 

Scl,  Sderite  of  bursa  copulatrix;  SpthD,  Spermathecal  Duct,. 
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Figure  23 
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PLATE  16 


Pig.  2ijA,  B,  and  C«.  Diagramatic  drawing  through  a 
transverse  section  of  the  posterior  end  of  the  female 
reproductive  system  with  cellular  details  of  the  accessory 
glands.  Note  opening  from  the  vagina  into  the  accessory 
glands,  also  the  median  ventral  groove  of  the  vagina,  and 
the  sperma thecal  duct.  Pig.  B  represents  an  external  view 
of  the  accessory  gland  cell.  Pig.  C  illustrates  the  cell 
profile  with  its  spined  tip.  AcGl,  Accessory  Gland;  AcGICl 
Accessory  Gland  Cell;  Bcopx,  Bursa  copulatrix;  Mcl,  Muscle; 
HOvd,  Median  Oviduct*  3pn ,  Spines  of  accessory  gland; 

SpthD,  Spermathecal  Duct;  Vag,  Vagina 0 
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PLATE  17 

Pig*  25.  Section  through  the  opening  of  an  accessory 
gland*  Note  the  muscle  arrangement,  spines  around  the 
opening,  and  the  gland  cells*  AcCl,  Accessory  Gland;  AcGICl, 
Accessory  Gland  Cell;  Bcopx,  Bursa  copulatrix;  CMcl,  Circular 
Muscle;  Merab,  Membrane;  Spn,  Spine  of  the  accessory  gland# 


0.02  mm 


Figure  25 
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PLATE  18 


Fig,  26,  Diagrams tic  representation  of  an  ovariole 
at  maximum  egg  development,  showing  the  major  zones,  Fol, 
Follicle;  Germ,  Germanium;  Ooc,  Oocyte;  TIFil,  Terminal 
Filament",  Vit,  Vitellarium, 

Fig,  27«  Enlarged  view  of  the  anterior  tip  of  an 
ovariole  from  an  egg  laying  female,  showing  large  nuclei;. 
Delafield's  hematoxylin  with  eosin,  Hue,  Nucleus;  TIFil, 
Terminal  Filament,  X300. 

Fig,  28,  Enlarged  longtitudinal  section  through  a 
median  region  of  the  germarium  of  a  newly  developed  female. 
Note  the  two  sizes  of  muclei,  the  largest  are  the  most  numer¬ 
ous;  Delafield»s  hematoxylin  with  eosin,  Nuc ,  Nucleus*  X 300. 

Fig,  29.  Enlarged  longtitudinal  section  taken  from 
the  same  region  of  the  germarium  as  in  fig.  28,  except  that 
i k  is  from  an  egg  laying  female.  Note  the  size  of  nuclei  in 
comparison  with  the  nuclei  in  fig,  28;  Delafield’s  hematoxylin 
with  eosin,  Nuc,  Nucleus*  X 300. 

Figo  30.  Enlarged  longtitudinal  section  showing  the 
transition  zone  where  the  young  oocytes  are  differentiated  and 
the  lateral  stratification  of  the  pref ollicular  epithelial 
cells.  This  ovariole  was  taken  from  an  egg  laying  female; 
Eeidenhsin’s  hematoxylin  with  eosin,  EpSh,  Epithelial  Sheath; 
Ooc,  Cocyte;  PrefolEpth,  Pref ollicular  Epithelium*  X 300. 
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PLATE  19 

Pig.  31.  This  section  is  a  continuation  of  fig.  30 
and  shows  the  immature  oocytes  embedded  in  pref ollicular 
epithelial  cells;  Heidenhain’s  hematoxylin  with  eosin. 

EgNue,  Egg  Nucleus;  EpShr  Epithelial  Sheath;  Ooc,  Oocyte; 
PrefolEpth,  Pref  ollicular  Eputhelium.  X  300. 

Fig.  32 o  Section  through  an  ovariole  at  maximum  egg 
production,  showing  the  characteristic  compact  configuration. 
The  germarium  portion  is  missing.  Note  the  yolk  spherules 
forming  in  the  three  largest  oocytes;  Delafield’s  hematoxylin 
with  eosin.  EgNuc,  Egg  Nucleus;  FolEpth,  Follicular 
Epithelium;  Ooc,  Oocyte 0  X80. 

Fig.  33.  Section  through  the  sperma thecal  gland  and 
pump  organ,  showing  the  histological  structure  of  the  sac. 

Note  also  the  valve  like  opening  and  the  spermatozoa  in  both  * 
structures;  Delafield’s  hematoxylin  with  eosin.  SpthPm,  *- 
Sperma thecal  Pump;  SpthSa ,  Sperma thecal  Sac;  SpthVI, 
Spermathecal  Valve;  Spz,  Spermatozoa.  X  300. 

Fig. 34*  Section  through  the  spermatheca  to  specifically 
show  the  valve  like  opening.  Heidenhain’s  hematoxylin  with 
eosin.  CmpMcl,  Compressor  Muscle;  SpthPm,  Spermathecal  Pump; 
SpthSa,  Spermathecal  Sac;  SpthVI,  Spermathecal  Valve;  Spz, 
Spermatozoa.  X 300. 
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PLATE  20 

Fig.  35 «  Longtitudinal  view  of  the  basal  vitellarium 
showing  a  mature  oocyte,  epithelial  plug  (corpus  luteum), 
and  the  muscular  calyx  region.-  Note  also  the  uninucleate 
follicular  cells.  The  egg  nucleus  in  this  case  is  probably 
analogous  with  the  germinal  vesicle  described  for  other 
insects.  Gho,  Chorion;  Clt,  Corpus  luteum;  EgNuc,  Egg 
Nucleus;  EpPlg,  Epithelial  Plug;  EpSh,  Epithelial  Sheath; 
FolEpth,  Follicular  Epithelium;  LQvd,  Lateral  Oviduct;  Mcl, 
Muscle;  Ylk,  Yolk. 
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PLATE  21 


Fig,  36,  External  side  view  of  a  sperma theca,  showing 
all  parts.  Note  the  sculptured  pattern.  CmpMel,  Compressor 
Muscle;  SpthD,  Sperraathecal  Duct;  SpthPm,  Sperma thecal  Pump; 
SpthSa,  Sperma thecal  Sac0 
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Figure  36 
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PLATE  22 


Pig.  37.  Section  through  the  entire  sperma theca « 
Mote  che  orientation  or  the  spermatozoa  in  the  pump  organ,, 
the  outer  epithelial  sheath,  and  the  internal  sculpture. 
CmpMcl,  Compressor  Muscle;  EpSh,  Epithelial  Sheath;  SpthD, 
Spermathecal  Duct;  SpthPra,  Spermathecal  Pump;  SpthSa , 
Spermathecal  Sac;  SpthVl,  Spermathecal  Valve;  Spz , 
Spermatozoa  0 


